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ABSTRACT 

STITE (Scientific and Technical Inforaation Transfer 
for Edacation) is basically a systea to interface between science 
inforiation and the science learner. As soch STITE acts as a link 
between STIC (Science and Technology Inforaation Centers) and LIS 
(Learning Inforiation Systeas) . In this third progress report it is 
concluded froa a guestionnaire sent to science educators that they 
are aiong the heaviest users of science literature but would prefer 
an easier and faster aethod of access. STITE interface systei is 
designed for effective use of inforaation stores. The lodules of 
STITE are aanipulable units of inforaation relevant to specific needs 
of educators. The guest ion of relating and structuring the aodnles of 
the interface systei by types of reguests is described using tree 
graphs. In the appendixes are soie of the project's letters, the 
questionnaire, and lists of centers receiving utilization inquiry, 
(see also IR 001 047 and IR 001 048.) (HH) 
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PART ONE 

THE INFORMATION ACQUISITION PRACTICES AND NERDS 
OF SCIENCE EDUCATORS 

Albert Badre, Dorothy S. Hughes, and T. C. Ting 

I. INTRODUCTION 

The ultimate goal of the STITE project is to implenent an experimental 
■echanism for the purpose of transferring scientific and technical information 
from its present repositories into a system that will enhance the use of 
scientific and technical information centers by providing that information 
in a form and manner that correspond more precisely to the exact needs of the 
science educator community* 

One prerequisite for the achievement of this goal is aonie understanding 
about the actual information needs of science educators and the factors, external 
to the information itself, that influence * the educator in the acquisition and 
use of information. According to Bourne (13), the first step in the design 
of an effective information system consists of the definition of the problem 
and the determination of user requirements. The actual design and evaluation 
then follow. An effective system must be constructed in terms of realistic 
conclusions about the kinds of information that educators require for their 
particular tasks and the conditions that influence its acquisition and use* 

STITE is following two lines of inquiry to answer these questions* 
A literature analysis investigates previous studies on users of information and 
attempts to extrapolate conclusions they make about the needs of the particular 
group of information users in which STITE is interested, the science educators. 
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Secondly, a questionnaire sent to science educators at various 
colleges and universities over the country solicits ansv/ers from science 
educators themselves about their use of existing information centers, the 
types of information they use, for what purposes they use it, and the features 
that they feel night increase their use of information sources. The data 
received in response to this que;3tionnaire 'and the conclusions of the literature 
survey vill provide the basis for design features of the STITE system. 

II. THE LITERATURE ON USERS AND THEIR IIEEDS 

1* Introduction - A user study, or user survey, is an investigation . 
into the ways in whleh a particular information center or library is utilised 
or lnto«the utilization of the inforniation sources of a particular subject area» 
such as chemlstiy or physics. Brittain (lA) , agrees that user studies are of 
these two typos. First , there are those investigations that are limited to 
a particular center or^establishsicnt and are concerned vlth conclusions relative 
only to that particular center* Secondly, there are those studios that 
examine the information requirements of a particular discipline • 

Coover (16 )» describes the methodology of user studies as 
including interviews, questionnaires, critical-incident studies, reference 
records, or a combination of some of these methods, and inquiry may be made 
into who is using information resources, what types of materials are being 
used, and for what purposes the information is obtained* 

The information explosion has been accompanied by concurrent 
studies in the use of that information, and there is no lack of studies on 
users and their needs* 

A study on the use of scientific literature for the Royal Society's 
Scientific Infcmation Conference in 1948 '(9)>i8 frequently cited as the "classic" 
user study; it is, along with Urquhart (36), one of the earliest such studies. 
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Since then, as Brlttaln (lA), states, "the growth of emperlcal studies in 
this area can be repre^scnted by an exponential curve." Two of the best 
have been those done by Menzel (28), and Paisley (31). An indication of the 
nunber and scope of these investigations is shown by the following list of 
bibliographies and reviews of user studies: 

Bibliographies and Reviews of User Studies - (Note : The notation , 
such a E0068101 or ED047736, which follows sone entries in this bibliography 
refers to the number assigned that report by the Educational Resources 
Information Center (ERIC).) 



Allen, Thomas J. "Information Needs and Uses." In Cuadra, Carlos, ed., 
AnnJal Review of Information Science and Technology . Cliicago, 
Encyclopedia Brittanlca, 1969. Vol. 4, p. 1-29. 

Bates, Hircla J. Us<!r_^_tudles : A Rev iew for Librarians and I nformation 
Sclent i»ts ."")9 71." 60 pp. kD04";738. 

Brlttuin, J. M. Infonua tton and Its Users : A Review With S;?ecla l 

Ref erence to tlTe Social Sciences . New York, John Wiley, 1971. 
208 pp. 

Carter, Launar F. , et al. , National Document Handling Systems for Science 
and Technology . Now York, John Wiley, 1967. 344 pp. 

Coover, Robert W. "User Needs and Tlieir Effect On Information Center 

Administration." Special Libraries , 60:446-456 (September, 1969). 

Crane, Diana. "Information Needs and Uses." In Cuadra, Carlos, ed. , 
Annual Review of Information Science and Technology . Chicago, 
Encyclopedia Brittanlca, 1971. Vol. 6, p. 3-39. 

Davis, Richard A., and Catherine A. Bailey. Bibliography of Use Studies. 
Philadelphia, Pa. , Drexel Institute of Technology, Graduate School 
of Library Science, 1964. 98 pp. 

Herner, S., & M. Herner. "Information Needs and Uses in Science and 

Technology." In Cuadra, Carlos, ed.. Annual Review of Information 
Science and Technology . Chicago, Encyclopedia Brittanlca, 1967. 
Vol. 2, p. 1-34. 

Lin, N., and W. D. Garvey. "Information Needs and Uses." In Cuadra, 

Carlos, ed. , Annual Review of Information Science and Technology . 
Chicago, Encyclopedia Brittanlca, 1972. Vol. 7, p. 5-37. 
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Llpotz, Ben-Ami, "Information Needs and Uses." In Cuadra, Carlos, ed.. 
Annual Re view of Inf o mation Sc i ence and Technology * Chicago , 
Encyclopedia Brittanica, 1970. Vol. 5, p. 3-32. 

Henzel, H. "Infortaation Needs and Uses in Science and Technology." In 
Cuadra, Carlos, ed.. Annual Review of In f ormation Science and 
Tedinolot^y . Chicago, Encyclopedia Brittanica, 1966, Vol. 1, 
p. Al-69. ' 

Paisley, W. J. "Information Needs and Uses." In Cuadra, Carlos, ed.. 
Annual Review of Information Science and Technology . Chicago » 
Encyclopedia Brittanica, 1968. Vol. 3, p. 1-30. 

Slater, Margaret. Technical Libraries : Users and Their Demands . 
London, Asllb, 1964. 126 pp. 

Slater, Margaret, and Pamela Fisher. Use Made of Technical Libraries* 
London, Asllb, 1969 86 pp. 

Hood, D. N. "User Studies; A Review of the Literature from 1966 to 
1970." Asllb Proceedings. 23:11-23 (1971). 

In addition, each issue of Science Information Abstracts has a 
section called "User Studies and User Survcyc" which abstracts Investigations 
into the users of Information centers and libraries, and Library Literature 
and Library and Information Science Abstracts also contain headings on user 
surveys. 

Brlttaln (14), as well as Coover (16), Hanson (24), and others, 
questions the value of much data obtained In user studies for the purpose 
of formulating definitions of needs. Hanson (24)> points out that h 
of the difficulty In exploring real needs, nost studies have in fact been 
of users' actions and their expressed demands. While these observable 
actions, such as where and how often information is sought, do partially 
reflect some needs, such a measurement does not take into account the nore 
subtle assessments of needs when the user perceives limitations within 
his Information environment or if he remains unaware of the existence of 

potentially helpful information sources. For Instance, in relition to the 

% 
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STITE project and its fulfillment of needs, .v'll a scionce educator 
specifically indicate his desire or need for a service or a system if he 
does not know of It or of its possibilities? 

Nevertheless, granting the inherent limitations of most user 
surveys in measuring information needs, their partial assessments can usually 
be the basis for some generalization about trends and directions. There 
exists only a small number of studies specifically on the needs of science 
educators* but. some investigations into the information needs of scientists 
Include findings in the area of science education, and there are also a few 
studies on information use in education that have significance for the 
particular field of science education. Some of these studies will be 
examined in the light of their implications and implicit findings for the 
goals of STITE. 

2. Some Relcv ni it Studies - In an early (1957) study, "Use of 
Information in Scandinavian Research and Development ', Tomudd (35), investi- 
gated the requirements for scientific and. technical information of academic, 
research ant' industrial scientists -in Denmark and Finland. The "academic" 
section comprised scientists and engineers working at universities and 
institutes of technology in which their time was divided between research 
and teaching while the other two groups were involved almost entirely with 
research. It was found that teachers in academic institutions were among 
the heaviest users of literature. Even in 1957 when the volume of 
literature was less than it is today, this group spent from two to ten 
nan-hours per week usln<: literature, and they indicated that they had less 
difficulty keeping abreast with current developments in their field than 
did their counterparts in research and Industry. 

Menzel (29), studied the information-exchanging behavior of a 
group of scientists on the teaching faculty of a prominent American 



university In order to define problems » categories ^ and procedures for 
a sore intensive study. Among thlf) groups information was sought primarily 
for the purpose of answering a particular question or problem with specific 
data or facts and for keeping up to date. Formal methods of acquisition 
were probably less Important thatv Informal methods^ such as personal 
communication with colleagues. This reliance on informal channels points 
up some inefficiencies of formal channels, such as time lag and overloads 

0 

of information, and suggests that ways must be found to incorporate the 
informal avenues of communication into them. 

Bartkus (5)^ prefaced his descriptive article on the major sources 
of information for engineering educators with a list cf their needs; 

"The engineering educator is concerned with the Information 
needs of: 

1. Himself, to keep up to date technically. 

2. His classroom students, to develop their use of Information 
sources, both in solution of class problems and actual problems 
after graduation. 

3. His research students, to assure coverage of previous work# 
A. His associates, on a consulting project or in research. 

5. His publications, to assure that he contributes to knowledge." 

The American Psychological' Association (2), has reported on Its 
Investigation Into the information requirements of university teachers of 
psychology in Report Number 17, "The Use of Scientific Information In the 
thidergraduate Teaching of Psychology," of its Project on Scientific Information 
Exchanpe in Psychology . Conducted by a questionnaire to psychology faculty 
members of 2A6 American institutions of higher learning, this study revealed 
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that teaching is a very time- consuming activity and a very Informatlon- 
deinandlng one. The need to up-date lecture material was given as the most 
frequent reason for seeking information, and in addition to current Journals 
used for this purpose, two-thirds of the respondents indicated that they maintain 
personal files of reprints and convention papers, to assise them in keeping 
up-to-date. For lecture preparation, text books ware also frequently 
consulted. 

The primary problem of information seeking among psychology 
teachers seemed to be the lack of sufficient time to locate and assimilate 
relevant materials. The report concluded that, while this group of sdenca 
educators uses a large number of formal and informal sources of information 
in their work and is particularly eager to use current and up-to-date 
materials, they encountered a lack of materials that are selected and 
proco«scd in such a way as to save time for thcmsclvos and for thoJr ntudnnts. 

In the social sciences, Brittain (lA), cited a report by Winn on a 
group discussion among college of education lecturers that was a part of 
a study of users of Sociology of Education Abstracts. The greatest infor- 
mation problem felt by this group was physical access to books and Journals. 
However, these lecturers felt that the solution to this 'problem lay, not 
in expatiSion '^f local book holdings, but rather in an information service 
that would provide easy access to and some evaluation of a limited range 
of materials. Retrospective searches presented another problem for them, 
and a retrieval system, keeping in mind this group's feeling that 
abstracts are more valuable than titles, was suggested as a solution. 

A more comprehensive study of the information needs of social 
scientists, known as INFROSS (Information Requirements of Social Scientists), 
was conducted by Bath University in 1968 (7). Defining education as a 
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social science, this investigation included a report on data secured 
through group interviews with college of education lecturers. Since the 
sample was smaU. the results were intended more to provoke further 
study than to be representative, but the conclusions made about 
information requirements and activities of educators bear some significance 
for the special group, science educators, in which STITE is interested. 

When work involved teaching only, the need was usually for 
specific pieces of information, such as a fact, or for general information. . 
such as new developments in remedial reading. Comprehensive coverage was 
not usually required. Reading done by this group seemed to be haphazard 
and largely dependent on whatever happened to be available; there seemed 
•to be little effort to keep informed on new developments in their fields 
and little awareness of available literature and materials. 

.One aspect of information mentioned by most of the interviewees 
in thio group was the importance of its stimulus value, both for lecturers 
and for students. However, this characteristic presents peculiar, if not 
Impossible, requirements for an information system because of the 
difficulty in defining and describing what "stimulates". 

Because of this desire to keep informed of developments but 
with little time and information resources to do so. this group would seem 
to find review literature most useful, and the interviewee frequently 
mentioned this type of article. A well developed review literature, with 
adequate access to it. might serve this group better than bibliographic tools. 

Some bibliographic tools are needed, however, for those lecturers 
in small college situations without easy access to university facilities. 
The use of inter-library loan services among this group of lecturers was 
very low and perhaps may in part be attributed to difficulty in formulating 

^ precise requests as lo necessary in utilizing inter-library loan facilities. 
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Tills is particularly true when the request is a subject one, rather 

than an exact reference from another source. 

Generally speaking, the information problem for college of 

* 

education lecturers is fairly easily defined. A relatively small amount 
of information is required, and while it should be comprehensive enough 
to prevent distortion, it should be small enough to be assimilated in a 
short time. Representative references, rather than comprehensive or 
exhaustive retrievals, are preferred. 

This report also pointed up the necessity that an information 
system for educators take into account some behavior characteristics of 
this particular group. These include a relatively restricted amount of 
time for information gathering and using activities and a general lack of 
motivation to seek Information. 

Baughman (8), in an investigation of the Information needs 
and problems involved l;i ttie operation of educational information centers 
also defined some behavioral characteristics of educators that should be 
taken into conHlderatlon In the design of STITE. Hie most serious problem 
of educators and their use of information is their lack of interest, concern, 
or motivation to read, to do research, and to seek out new and innovative 
ideas and methods. 'This attitude may be in part because of a shortage of 
time but it also reflects the personal information acquisition habits of 
educators who generally want to do little work, do not want to read more 

than one page, and do not want to synthesize work from several reports, 
Baughman claims. Neither are they aware of information services that are 
available nor are they trained to use such services in their decision making. 

Borman and Mlttman (12), recognizing the human factor in the 
use of Information systems, asked the question of how a scholar can be 
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Induced to use computer capabilities in his search for information. 
After Introducing a search facility to a group of students and a group 
of faculty members at Northwestern University, they found that faculty 
members soon lost interest in it and returned to traditional searching 
methods while the students continued to use it with enthusiasm. Thus the 
report concludes, "... .users of a new capability, such as interactive 
search, will try the system if properly motivated, but they will not 
Incorporate this new capability into their normal behavior patterns unless 
there is a dramatic gain to be realized." The STITE system will face 
this problem of motivation among educators. 

Another study of significance to STITE because of its findings 
about educators and their information needs is by Back (3). He reviewed 
Htudlcs on information dissemination from the stan^-polnt of design require- 
ments for on-lino reference retrieval systems and concluded that, from 
among the categories of researchers, practitioners, managers, and educators, 
the educators and the researchers rely upon written channels for supplying 
Information to a greater extent than practitioners and managers. The 
purposes for which information is gathered by educators arc cited in 
Back's list: 

Purposes for Gathering Information 

1. Acquiring ideas for new work. 

2. Supporting work in progress 

a. Gaining theoretical information 

b. Developing alternative approaches to problems 

c. Determining results of related work performed by 
others 
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d. Finding answers to specific questions (e.g., constant, 
tabulated value, formula, etc.) 

e. Reconunendlng procedures, apparatus or methodology 

f. Evaluating an approach or a result 

3. Keeping current 

a. Being aware of workers In specific areas or problems 
b« Being aware of developments In one's field 
c* Being aware of developments In related fields 

4. Developing competence 

a. Brushing up on old specialty 

b. Learning new specialty 

5. Preparing educational materials 

To achieve maximum utilization. Back maintained that a system 
must be directed at a particular audience and the activities of that 
audience, it must be designed so that the audience will accept and use 
It, and It must be as comprehensive as any other methods of reference 
retrieval. 

A computer-based reference retrieval system would probably be 
most useful, according to Back, In satisfying the Information needs of 
educators Involved In the following activities: 

1. Gaining theoretical Information 

2. Developing alternative approaches to problems 

3. Determining results of related work performed by others 
A. Answering specific questions about known documents 



5. Keeping current on workers In specific fields 

6. Developing confidence 

7. Preparing educational materials 

Back's Inquiry Into the comparative use of formal and Informal 
sources of Information shows that educators most frequently seek Information 
in Informal ways, such as personal indexes and files* conversation, corres-* 
pondence, meetings, and journal scanning, as opposed to formal methods of a 
card catalog, a citation service, or a literature review or bibliography. 
He feels that this Is so because informal methods usually deliver a few 
relevant references with the least amount of effort. Consequently, In 
order for a system to be widely accepted and used, it must be designed 
to retrieve the most relevant references with at least no more effort than 
is required by other methods, and he suggests five ways, based on the 
characteristics of Informal methods, for milking retrieval as easy as 
possible. 

1. Allow the user to shape the interaction to fit his needs 

2. Retrieve few irrelevant references 

3. Furnish references to the appropriate type of document 
(i.e., a definition, a description of a process, a review 

article, etc. 

4. Provide direction for further search 

5. Deliver screened and evaluated references 

The characteristics of formal sources of Information also suggest 
to Back some ways to include their advantage into a system. 

1. Strive for completeness in the area of coverage 

2. Keep the data base as current as possible 
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3. Make the system public and conveniently available to all 
users 

A. Have the data base created, maintained, and distributed 
centrally under the direction of a single, cognizant organization 
5. Provide permanent storage for all references selected for 
the system 

However, he continued to stress the importance of ease of use, 
and when that feature conflicts with completeness of output, the system 
must be designed to satisfy minimal effort requirements. 

Since 1968 the University of Georgia Computer Center has provided 
a computer-based retrieval service for the purpose of supporting the 
Instructional and research programs of the university system (15). A 
questionnaire survey to assess the impact of the service on the academic 
community indicated that more thait half of the users of the center are 
faculty members, and among these faculty members, A.1% reported that 
100% of their time is spent in instruction. These respondents felt that 
the tine-saving feature of this search facility was of primary Importance 
to them, and tboy also indicated that it had allowed an increase in the 
subject areas that they regularly check. 

Sdiumacher (33), in studying and making recommendations for an 
information system for a small college, outlined the activities of 
educators that require information, and they are: 1) course preparation 
2) selecting reading assignments 3) independent study and honors 
projects A) research projects and 5) administrative and committee 
assignments. 

A report on the information needs of junior college educators by 
Mathies (27), stressed the necessity of incorporating Into a system features 
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that provide as much convenlonce and saving of time as the Informal 
methods of Information gathering. 

3. Conclusions - User studies and surveys on Information needs 
and Information usage reveal some characteristics of the Information needs 
of science educators, the group with which STITE Is particularly concerned. 

While the use of information sources hy educators In general 
does not appear to be as extensive as it could be, science educators do 
utilize Information resources, and the science educators are among the 
heaviest users of literature when compared with scientists in research and 
in Industry. 

The most frequent purposes for which Information Is sought are 
for keeping up-to-date by being aware of workers in specific areas or 
problems, being aware of developments in one's field and being aware of 
developments in related fields, and for answering a particular question 
or problem with specific data, i.e. a definition or a description of a 
process. Other reasons include brushing up on an old specialty or learning 
a new one, acquiring new ideas for work, determining related work by others, 
teaching students to use information systems, and preparing lectures and 
educational materials. 

Problems encountered by science educators in Information 
gathering activities center around their lack of time to locate and 
assimilate materials. Physical access to materials is a problem for 
some, as well as the difficulty of doing retrospective searches when 
bibliographic tools are unavailable. 

Some behavioral characteristics of educators also generate 
difficulties that have bearing on their potential use of information 
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systems. Restricted time for locating and asBliullatlng Information and 
the lack of motivation to use such resources are among the most important 
of these traits. The level of awareness of the availability of information 
sources seems to be low among this group, and there appears to be little 
effort to train educators to use information as a part of the decision- 
making process. 

In conclusion then, based upon the information needs of science 
educators as they are reflected in user studies and surveys, it would 
seem that an information system such as STITE proposes should revolve 
around easy and rapid access to materials that are useful either for the 
purpose of keeping up-to-date or for answering particular questions with 
specific data. Low motivation and lack of time on the part of the science 
educator set the requirement for ease of use and rapid retrieval; definitions, 
descriptions of processes, and outlines are the kinds of Hpeclf ic iiifocmatlon 
that he requires. Concerning keeping up-to-date, his need is for 
representative, not necessarily comprehensive, information on given topics 
with perhaps also some evaluation of materials. In this respect, a well- 
developed review literature would seem to be of great value to the science 
educator for it could present selections of up-to-date information on 
given topics without requiring a great amount of time for reading and 
assimilation. For keeping up-to-date, capitalizing on the advantages and 
popularity of informal sources of information, such as conversations with 
colleagues, could involve the inclusion in the information system of lists 
of authorities in a particular field with notes on their activities. 

Some bibliographic tools for retrospective searching are needed 
but here again the requirement is for representative, rather than compre- 
hensive, references. 

ERIC 



17 



III. THE QUESTIONNAIRE TO SCIENCE EDUCATORS 

1, Introduction - User studies reveal some patterns of 
information need and use by science educators. However, since the 
Interest of STITE is centered primarily on the utilization of existing 
information centers, further Investigation into the actual use of these! 
centers by science educators was desirable. This additional effort was 
made through a questionnaire survey aimed specifically at science 
educators in various Anerican universities. 

At present the main utilization of most scientific and technical 

Information ^sterns can be traced to the Industrial and research communities 

y 

(34), and th^ survey of previous studies indicates that the use of such 
information systems for educational purposes is probably minimal (8,12). 
Accordingly, tho purpose of the questionnaire was to determine if science 
educators uak^,.iiar"df science and technical information centers and 
under wtiat conditions and for what reasons they do so. Furthermore, one 
of the Important by-products of this inquiry might be to delineate more 
precisely than has been done in previous studies the information needs of 
science educators. 

Within the context pi the above objectives and because of the 
constraint to design an effective scientific and technical information 
transfer system for science educators, the present survey study has been 
prepared. 

In designing the study, it was necessary to recognize the 
complexity of factors involved in the transfer of technical and scientific 
Information and to reduce the investigation to a subset of this complex 
activity. It had been pointed out by previous investigators, Feam and 
Melson (18), that information transfer is a complex social process wherein 
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technology requirements, users needs, values, beliefs, and organizational 
structures play interactive roles to influence behavior. The Interest of 
this inquiry is mainly in the aspect of user practices « More precisely, 
this study concentrates on the needs and actions of a subset of users, 
namely, science educators in American universities and colleges who might 
use science and technical information centers* In addition, the 
investigation is Interested in a certain subset of facts about science 
educators on the university and college level who actually do use science 
and technical information centers* Because of the need to make factual 
statements, it was decided that an empirical approach, using the 
questionnaire method, would be most suitable for the purpose of this 
survey* 

2* Stntomont of Hypnth(^«on - The main objective of thifi 
research study was to test the following four hypotheses: 

(a) Most science educators are not aware of the availability 
or the existence of science and tedmical information systems* 

(b) Many science educators who are aware of the availability 
of science and technical information systems have no ready 
or easy access to them* 

(c) Most of the science educators who have ready access available 
to them find that the information access tools are Inflexible 

and unsatisfactory to use* 

(d) Most of the science educators who access Information from 
science and technical information centers find the Information 
they provide to be of little use for their instructional purposes* 
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3, Ratlcn ale and Assumptions - The abovo stated hypotheses 
stem fron the realisation, supported by some intuitive pilot observations, 
that science and technical Infonnatlon centers are not well publicized In 
the science education community. Baughraan (8), supports the idea of a lack 
of awareness of information centers among educators in general. This 
. may be due to the fact that most science and technical information 
centers have been developed with the specific purpose of serving scientists 
in both academia and industry whose primary occupation is research and 
development and it has been in these science research areas that scientific 
and technical information centers have been mainly publicized. Information 
has been collected, organized, and disseminated for research purposes. 

« 

Ilencc, those educators interested in accessing scientific a^d technical 
Information centers perhaps find the organization and dissemination of 
Juformaticm «uch that it is not of use for their imoedlate instrucLitMi.il 
noedtt. Given those facts. It would seem that science, educators wlio have 
Indeed attempted to use Information from such centers have not been 
coniplctcly satisfied. 

It was oilginally assumed that the display of Information was 
presented in such a fashion that would allow effective use by educators 
for their instructional purposes. However, the specifid suggestions by 
Back (3), Brittain (lA), and Borman and Mittman (12), indicate that such 
may not be the case. The hypothesis that the access tools are not 
satisfactory in terms of the educator's needs in thus made. 

Furthermore, on the basis of a limited sample of preliminary 
interviews, it seems evident that, even among science educators who know 
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about the existence of science and technical Information centeiSi the 
use of such centers is minimal* Even among those educators who use 
information from the centers for their research purposes » their use of 
Information from the same centers for purely instructional purposes is 
practically non-existent « It had been earlier assumed that the information 
collected and organised by the centers was potentially valuable for 
instructional purposes , but evidently It is the structuring of the 
information by the centers and its format of dissemination which are the 
stumbling blocks to effective access and use by educators* 

Hence, an information transfer system which can re-structure 
and re-formulate the large quantity of well-organized and stored research 
information into forms suitable for instructional purposes would act to 
Increase and make more effective the use of science and technical 
Informntlon centers by educators* Here again » studies such as tlu>&e by 
Back (3), and Borman and Mlttman (12 )y bear out this hypothesis* 

Rgsearr h Metho d - Having selected and specified a set of 
hypotheses 9 it was important to consider and utilize an appropriate 
technique for testing those hypotheses* Many of the questions related to 
the hypotheses have not been previously studied so It was not possible to 
analyze already existing data* The f'ive most coirmon methods for conducting 
user surveys are questionnaires, interviews, observations, the diary method, 
and analysis of already existing data; the most common and generally used 
approach to collecting factual data relative to user needs is that of a 
questionnaire* 

It was necessary that the sample come from a large population 
of science educators from schools and departments spread across the 
country in order to be able to make a fair and broad generalization "bout 
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the use of science and technical information systems* It was also 
necessary that the sample Itself be large because^ having assuioed that 
most science educators have seldom accessed science and technical 
Information systems, it was necessary to Insure that a sizable sub-sample » 
though comparatively small, would have Indeed used centers and would thus 
provide a meaningful set of observations on their use* Because of the 
scope of the survey both geographically and numerically, the mailed 
questionnaire, rather than other methods, seemed to be the most practical 
survey technique* 

The questionnaire method has some pointed drawbacks* One 
disadvantage Is the possibility of a response rate so low that no meaningful 
conclusion can be di.awn« This will hopefully be overcome «by the large 
sample of science educators who receive the questionnaire* 

Another drawback of the mailed questionnaire Is that there in 
no way that the Investigator can determine the state of mind of the respondent 
and its possible effects on his answers to the questions* Again, while 
the respondent state of mind at the time might affect his answers, 
it does not seem that It would have a detenaining influence on his 
response to the questions specifically related to the four hypotheses of tht^ 
STITE questionnaires since they were designed to elicit statements of fact 
rather than opinion* 

Another criticism sometimes made about the mailed questionnaire 
method is that the questioner has no way of knowing whether the respondent 
understands the question* The attempt was to take care of this criticism 
in the preparation of the questionnaire by wording each question as precisely 
and as specifically as possible, and a letter explaining the purpose of 
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STITE and the roeairing of scientific and technical Information systems 
accompanied each questionnaire* 

The questionnaire was as short as practical. It covered all of 
the information desired with the smallest number of questions possible and 
was estimated, on the basis of pre-testing, that a potential respondent 
would take no more than ten minutes to complete it. 

Finallyi the sequence of questions was designed to be logically 
ordered. In organising the questionsi the respondents were divided into 
two categories I (a) those who use science and technical information systems » 
and (b) those who do not use such systems • This division permitted three 
categories of questions based on each type of respondent. The first 
category of questions was directed only to those who actually use science* 
aiul technlcnl Information synteros. The nccond category was directed to 
thor:c who do not u«i5 such sy« terns, and the last category of qucations 
wa5i directed to both type» of rcspoudunts^ users and non-users. 

Having specified the above mentioned categorlesi the questiunnnlre 
was organized accordingly • 'Ihe first question was asked of every respondent 
as it related to familiarity with systems, the second question* directed 
to respondents who are fatnlllar willi scientific and technical Information 
systems, asked whether they use or do not use such systems. Then the next 
set'^f questions was directed to those who have in the past used science 
information systems. The questions covered such topics as the purpos^Bs 
for which science information systems are used, the frequency of use, the 
materials needed, the conditions under which the system and Its information 
might become more useful, the kinds of materials that are requested from 
science and technical information centers, the degree of satisfaction 
with respect to the service and the material, and the ease of access to 
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science and technical inforraatiou systems* 

Finally questions were asked of both users and non-users. These 
were In the form of open questions which allow the user to air his free 
opinions* 

In total) the que??tlunn^1re was made \ip of eleven questions with 
clear and precise Instructions on how to proceed In order to answer each 
of the applicable questions « 

A copy of the questionnaire and the accompanying letter appear 
In Appendix A and Appendix B. 

5. Sampllna and Distribution of the Questionnaire - A stratified 
random sampling technique was used In selecting the subjects for the 
questionnaire* Two thousand science educators were selected randomly from 
colleges and universities In the United States. The list of colleges and 
universities was abstracted from the reference book^ American Un Ivors tllos 
and _Col3cj^e«, and the individual faculty names were obtained by using 
general catalogs of the colleges and universities selected. The sampling 
procedure is described In the following: 

1. It was decided to Include all three major scientific divisions 
as suggested in American Universities and Colleges > namely 
biological » physical) and social sciences. 

2. It was decided to include both the traditional disciplines, 
as well as Inter-disclpllnary programs. In the biological 
sciences, the following fie.lds were selected; 

Biochemistry 
Botany 
Genetics 
Microbiology 

o 
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Physiology 
Zoology 

In physical sciences » the following fields were selected: 

Astronomy 
Chemistry 

Aeronautical Engineering 
Civil Engineering 
Electrical Engineering 
Mechanical Engineering 
Statistics 
Fhyslcs 

In the social sciences « the fields selected were as follows: 

Anthropology 
Economics 
Library Sciences 
Psychology 
Sociology 

3* Approximately 100 faculty members were randomly selected 
from each selected field to receive the questionnaire. 

4. Within each fields a list of colleges and universities that 
offer such a discipline was obtained by using the listings In 
American Universities and Colleges > Aroxmd 108 Institutions 
were randomly selected from the list* 

5. The general catalogs of the selected Institutions wefe 
obtained. Between five to ten faculty names were selected from 
the faculty list of the chosen department or program. The 
selection of the Individual nam^^s was at random. There fore i 



the proportion of the faculty ranks In terms of full professor » 
associate professor i assistant professor and Instructor reflects 
the actual composition of the faculty population In the field* 
6« A questionnaire along with an Indlvldually^^addressed letter 
was sent to the selected faculty members by mall. A self- 
addressed return envelope was Included. A total of 311 
Individual departments were selected from 311 colleges and 
universities, lliese schools are distributed In A3 states. 
The following disciplines were represented by this selection: 

Biochemistry 

Botany 

Genetics 

Microbiology 

Physiology 

Zoology 

Astronomy 

Chemistry 

Aeronautical Engineering 

Civil Engineering 

Electrical Engineering 

Mechanical Engineering 

Statistics 

Physics 

Anthropology 

Economics 

Library Sciences 
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(Cont.) 

Psychology 
Sociology 

7. Index cards that carry the name of the potential respondent, 
has subject field, and his university > were ptepared as the 
questionnaires vere addressed* A number was assigned to each 
respondent and that number was indicated on his questionnaire 
and on the corresponding index card* In this way, replies can 
be identified and arranged in various meaningful groupings. I.e. 
by subject field, by university, by geographical area, etc. 

I.V. INQUIRY TO INFORMATION CENT ERS 

In order to secure and analyze any already existing data. 
Information was requested from 69 centers across the country concerning 
the utilization of those centers by science educators* Of particular 
interest were any existing user studies that might Include findings 
pertinent to science educators. 

Centers receiving the inquiry were selected from the list that 
appears in the first progress report of this project (34). * 

Appendix C contains a copy of this letter to science and 
technical information centers^ and the list of those centers receiving 
the inquiry appears in Appendix D« 



ERIC 



27 



V. referf:>:ces 



(Note: The notation, sxich as ED068101 or ED047736, which 
follows some entries In this bibliography refers to the number assigned 
that report by the Educational Resources Information Center (ERIC).) 



1. Alms, A. "Survey of Information Needs of Physicists and Chemists." 

Journal of Documentation . 21:83-112 (1965). 

2. American Psychological Association. Reports of the Project on Scientific 

Infor mation Exchange In Psychology . Washington, D,C., American 
Psychological Association, 1963-1969. 3 vol. 

3. Back, Harry, B. "What Information Dissemination Studies Imply Concerning 

the Design of On Line Reference Retrieval Systems." Journal of 

the American Society for Information Science . 23:156-163 (May-June , 1972) 

A. Barnes, R. C. M. "Information Use Studies, Part 2 - Comparison of Some 
Recent Surveys." Journal of Documentation . 21:169-176 (1965). 

5. Bartkus, E. P. "Major Sources of Information for Engineering Educators." 

EngJnet»rlng Edn cation . 60:377-380 (January. 1970). 

6. Bath UnlvcrHlty of Technology. I nformation R oquir.'montB of Collo/y? of 

Educatton Lectut ot» and Scho ol Tcach ors. Bath, England, Bath 
Unlvoraity of Technology, 1971. 30 pp. EDOAy775. 

7. Bath University of Technology. In formation Requl romcnts of Rencarcherr; 

in the Social Sci ences . Bath, England. Bntli University of Iccli- 
nology, 1971. "2 vols. ED054806 and ED054807. 

8. Baughman, Robyn C. Survey of Inf o rmation Needs of E ducational Information 

S peci alists. College Park, Maryland, UnlversiVy Maryland, Sriiool 
of Library and Information Services, 19/2. 31 pp. ED068101. 

9. Bernal, J. D. "Preliminary Analysis of Pilot Questionnaire on the Use 

of F-cientific Literature." In Royal Society, Report on the Royal 
Society Scientific Information Conference . London, Royal Society, 
1948. p. 589-637. 

10. Bernal, J. D. "The Transmission of Scientific Information: A User's 
Analysis." In Proc eedings of the International Conference on 
Scientific Information. Washington. D. C. , November 16-21. 1958 . 
Washington. D. C, National Academy of Sciences - National Research 
Council, 1959. Vol. I, p. 77-95. 



ERIC 



28 



11. Borko, Harold, "ni'tomlnlng User Requirements For An Informafion 

Storapo and Uctrieval System: A Systems Approach." In Information 
Svs t en!^ Wo rk shop : The Designer 'n R esponnibi l ltiy An d Hts 
Mothodolt.gy. Washington, D. C. , "spartan Books', 1962. p. 37-A6. 

12. Borman, Lorraine, and Ben.lamin Mttraan. "Interactive Search of Blhlio- 

graphic Data Bases in an Academic Environment." Journal of the 
American Society for Information Science . 2:164-171 (May-June, 1972). 

13. Bourne, C. P. "Review of the Methodology." In Information Systems 

Workshop : Tlic Desi gner's Responsibilttv and His Methodology . 
Washington, D. C. , Spartan Books, 1962. p. 11-35. 

14. Brlttain, J. M. Information and Its Users : A Review with Special 

Reference to the Social Sciences . New York, John Wiley, 1971. 208 pp. 

15. Caimon, James L. , and Margaret K. Park. "User Assessment of Computer- 

Based Bibliographic Retrieval Services." Journal of Chemical 
Documentation , 13:24-27 (1973). 

16. Coover, Robert W. "User Needs and Their Effect on Information Centers 

Administration." Special Libraries . 60:446-456 (September, 1969). 

17. Feam, Robin A. C, and Jessica S. Melton. "An Information Center 

User Study." In Pro ceedings o f the Aroori cnn .Society fo r Information 
Science, 6:463-4/0 0960). " 

la. FluhiMidou, R. M. "inf ornuit Ion Use Studies. Part I. Past KasuUs anil 

Future Needs." Journal of Docum entation. 21: 163-168 (Seplember, 
1965). 

19. Fishonden, R. M. "Methods By Wlilcli Rescardi Workers Find Information." 

D. C. , National Academy of Sciences - National Research Council, 
1959. Vol. 1, p. 163-179. 

20. Fumess, W. Todd, ed. , American Univcrsltlco and Colleges. 11th ed. 

Washington, D. C. , American Council on Education, 1973. 1879 pp. 

21. Garvey, W. D. , and B. C. Griffith. "Communication and Information 

Processing Within Scientific Disciplines: Empirical Findings for 
Psychology." Information Storage and Retrieval, 8:123-136 (June, 
1972). — , 

22. Garvey, W. D. , and B. C. Griffith. "Scientific Communication As A Social 

System." Science , 157:1011-1016 (September 1, 1967). 

23. Glass, Hentley, and Sharon Norwood. "How Scientists Actually Learn of 

Work Important to Them." In Proceedings of the International 
Conference on Scientific Information , Wash in }; ton, D»C., November 
16 -21, 1958 . Washington, D. C. , National Academy of Sciences - 
National Research Council, 1959. Vol. 1, p. 195-197. 



ERIC 



29 



24. Hanson, C. v;. "Kesoarch on Uaer'y Needs: \<\\vvo Is It Getting Us?" 

As lib V r ocet-din!->s 16:64-78 (l-'ebruary, 1964). 

25. Herner, S, "Tho Dt'tornl nation of Usor Needs for the Design of Information 

Systems." In Infornation S y stcras VJorksho p; Tlic Denlgner's 
Resp onsibility And His Methodolo&y . Washington, D. C, Spartan 
Book«i 'l%2. p. 47-60. 

26. Herner, S. "Information-Gathering Habits of Workers in Pure and 

Applied Science." Industrial and EngineerinR Chemistry , 46:228-236 
(January, 1954). 

27. Mathies, Lorraine. Junior College Educators I ndi cate Information 

They Need . Washington, D. C, American Association of Jtinlar 
Colleges, 1967. 4 pp. ED016464. 

28. Menzel, Herbert. Review of Studies in the Flow of Information Among 

Scientists . New York, Columbia University, Bureau of Applied 
Social Research, 1960. 2 vol. 

29* Menzel, Herbert. "Planned and Unplanned Scientific Communication." In 
Proceedings of the International Conference on Scientific 
Information. Washington, D. C, November 16-21, 3958 . Washington, 
D. C, National Academy of Science - National Research Council, 
1959. Vol. 1, p. 199-243. 

30. Mote, L. J. B. "Reasons For Variations In the Information Needs of 
Scientists." Journal of pocmncntnt ion, lf{:Hi9--175 (1962). 

31» Paisley, W. J. The Flti w of (Bohaytoral), Sclonct! liiforin;ition: A Rovlow 
of llu; Research lAterature . Stanford University, institute lor 
Communication Heuearch, 1965. var. pag. 

32. PaJ»;l"y, W. J., and E. B. Parker. "Information Retrieval As a Recelvur- 

Controllod Coiranunlcatlon System." In Proct-odlngs oF t he Sym posium 
on Educati on f or Information Sci ence , Vfarrenton, Virginia, September 
7- 10, i9'6 5. Washfngton, D. C, Spartan Books, 1965. p. 23-31. 

33. Schumacher, Anne W. A Small College I nformation System; An Analysis and 

Recommendations. Alexandria, Virginia, Whlttonburg, Vaughn Associates, 
Inc., iTdS. 157pp. ED024A08. 

34. Scientific and Technical Information Transfer for Education (STITE) . 

Research Report. Atlanta, Georgia, Georgia Institute of Technology, 
July, 1973. 168 pp. 

35. Tornudd, Elln. "Study On The Use of Scientific Literature and Reference 

Services by Scandinavian Scientists and Engineers Engaged in 
Research and Development." In P roceedings of the International 
Conference on Scientific Information! Washington, D. C.« November 
16-21, 1958 . Washington, D. C, National Academy of Science - 
National Research Council, 1959. Vol. 1, p. 9-65. 



ERIC 



30 



36. Urquhart, D. J. "Tlie Dlstrlbuttlon and Use of Scientific and 

Technical Information." Journal of Docuroentation « 3:222-231 
(March, 1943). 

37. Users of Docuniontntion ; A bstracts of Pnperp Presented at the FID 

Cony'.rcss. H uenos Aircs« 21-24 Scjvterober, 1970 . The Hague, 
Netherlands, International Federation for Documentation, 1970, 
12 pp. 

38. Wood, D. N. "Discovering the User and His Information Needs." 

As lib Proceedings , 21:262-270 (1969). 



ERIC 



PART Tl?0 

interacti\t: stite icterface syste!! for 



EFFECTIVE USE OF IIIFOPtlATTON STORES 



32 



PART T\?0 

INTERACTIVi; STITE INTERFACE SYSTCI FOR EFFECTIVE USE 
OF INFORIIATION STOPvES 

Pranas Zundc 

!• PITRODUCTION 

As noted in Part One of this report, existing science and 
technical Information systems have limited utility for educators because , 
among other things, they do not allow the user to shape the lnteractl<m 
with those systems to fit his needs and because the existing search 
mechanisms do not provide directions for further search. Although these 
are not the only factors which limit the usefulness of science mid technical 
Information systcnu; to educators, they seem to be certainly of great Importance* 
Hence, one of the tasks of the ongoing research was to develop, as a part of 
the STITE system, an Interface mechanism wlilch would help the educator to 
structure selected types of tasks which are characteristic for this profession 
and which would Induce him, through various automated procedures, to make 
better use of existing information resources # 

The underlying idea of the proposed Interface system is to store 
in the system certain amounts of information in highly structured modular form, 
relevant to specific needs of various groups of educators* The modules in the 
system are manlpulable and can be assembled into various sequences geared to 
various tasks which educators might be expected to perform in their profession. 
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The essential features of such a modular interface system, which 
vill provide the basis for the design or a small experimental program, 
arc reported in the sequel. The subject matter of the experimental design 
has been somewhat arbitrarily limited to graph theor>% 

II. MODULES 

1. Definition and Description 

A nodule is a manipulable unit of Information of which outputs 
of the STITE sysLeiu are constructed. Usually a module will describe, display, 
illustrate or define a singl e object or entity such as a thing, event, concept, 
relation, or anything else to which attention can be directed. 

Characteristic examples of modules are: 

(1) portions of natural language texts 

(2) illuKtrations 

(3) diagrams • 

(4) tables 

(5) problems (solved or unsolved) 

(6) examples 

(7) pieces of music, etc. 

In a broad sense, a module is comparable to a record of a file 
system. Its length or size might vary depending on the nature of discourse, 
context, type of materials, etc. 

The modules are assigned codes to distinguish them according to 
(1) The form in \^ich material Is presented In the module, (2) The type of 
material presented, and (3) The level of difficulty of the material contained 
Ift the module. 
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2 • pcscrln Lo nj of M odule Content 

Associated v/lth every nodule is a set of descriptors which serve 
as indices of the inforr>iatiou content of the modules* This set coasists 
of two categories of descriptors, CATEGORY A and CATEGORY B. 

Descriptors of CATEGORY A of a module are names of objects (things, 
concepts, events, etc#) wlilch are being defined, described, or otherwise 
explicated or demonstrated by a particular module* It might be desirable, 
although not absolutely necessary, to have only one descriptor of CATEGORY 
A associated with a module* If t^, i « l,2,***,m is a descriptor, then 
t^(A) shall denote the descriptor of category A* 

Descriptors of CATEGORY B are terms which are used to define, 
describe, or otherwise explicate or demonstrate an object named by a 
descriptor of category A* If t^, 1 ■ l,2,*#**,m is a descriptor, then 
t^(B) deuolcn that this descriptor belongs to category W. 

It should be noted tlvit one and trie same descriptor can, and in 
many instances will, be a descriptor of category A for one module and a 
descriptor of category B for some other module* 

Selection of descriptors is controlled with respect to admissible 
types I grammatical structures, synonyms, etc* The set of admissible 
descriptors with the rules of descriptor formation and transformation 
constitute the descriptor lanattage of the STITE system* 

An example of a module with descriptor of category A and B Is shown 
in Figure 1* 



ERLC 



llatroid theory is simply the study of sets vich independent 
structures* defined on then, generalizing not only properties of 
linear independence in vector spaces, but also several of the 
results in theory. However, matroid theory is far from being 
'seneralization for generalization's sake*; on the contrary, it 
gives us a deeper insight into several, graphtheoretical problems 
as well as including among its applications simple proofs of results 
in transversal theory which are av/h/ard to prove by more traditional 
methods, VJe believe that matroid theory has an Important role to 
play in the development of combinatorial theory in the coming years. 

4 i C WIL/1/20 

matroid theory set 

independence structures F 1 

linear independence *~ 

vector space H 2 

transversal theory *~ 

combinatorial theory D 1 

generalization *~ 



Fig, 1 

3, I'rcdetermlncd Sequen cing of HodulcB 

4 

In sorao instances It might be desirable to have the capability 
to restoti. nequenccs of modules as they appeared in the original document 
from which modules were constructed. On the other liand, users of the STUB 
systems miglit wait to retain, for easy construction, certain sequences of 
modules which they have constructed in the process of their interaction with 
STITE, Therefore, modules are assigned special codes which will permit 
ordering them sequentially by author's or user's preference. This code shall 
be called tested link code . Since more than one code of this kind may be 
associated with a module, the family of such codes assigned to the module will 
be called tested link code set. 



A tested link code consists of alphabetical and numerical parts. 
Tlie alphabetical part is a string of three characters and serves the pu*-io8c 
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of identify I ui; the iuUividual author or user who generated a tested 
link involving tli^it particular module* Control is to be exercised to 
insure that every such individual has a distinct identification code. The 
numerical portion of tlie code consists of a two digit code identifying a 
particular sequence, follov;od by a three digit co^j which serves as an 
index of the module's position in a particular sequence* 

Whenever a set of modules x;hich has a meaningful order reflecting 
the sequence of materials proposed by the author or system's user Is pre- ♦ 
pared for input into the STITE system, a tested link code is assigned at 
the input stage and becomes part of the initial profile of a module « 

Example of a tested link code: ''WIL/3/101" , with •'WII/' being 

the Identifier of the author of a book from which the module was constructed ^ 
"3" Indicating a particular sequence out of all sciiuences of modules 

Ottftoclated with the author "WIL", and "101" any module bciiif; iha index of 
that niodule in the sequence "3" of modules extracted in a particular order 
from that source. 

Sequences of modules which arc Identified in the above described 
fashion Induce in a natural way certain order relations on the set of modules # 
In general, there will be as many distinct order relations as there arc distinct 
sequences of tested link cedes associated with the originators of sequences 
of modules. These order relations shall be called tested link, or simply link 
relations > More specifically: 

DEFINITIori: Let m^,, m^ be modules, l,j«l,2, . ..n, i^'j^ Module 
Oj. is link related to module m^ if and only If module m^ and module m^ have 
link codes with identical author and sequence Identifiers and nonempty module 
position Indices (i.e. last three digit*) of the code). 

* 
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A link relation, which has just boon defined, will bo denoted 

w V . with the notation (•) indicating that any author and sequence 
1.K(.) 

identifier used as part of a tested link code can be substituted for the 
dot in parenthesis to specify a particular link relation. 

4. Classification of Modules 

Every module in the' system is classified according to form in 
which the materials contained in it are presented, type of materials, and 
level of difficulty. 

4.1 Classification by Form - In the experimental STITE system, 
modules will be adraiutcd containing materials only in such form as can 
be displayed on a CRT screen or printed in line or graphics. Every 
module will he labeled by a code consisting of the alphabetical character 
••I.-', and natural number to Mcntlfy the form in which materials aie 
contained. Spc^cifically , the following classes of modules with respect 
to the form of materials are considered: 

Fl - material in natural language form 
F2 - diagrams, graphs, flow charts 
F3 - tables 

Every module \til\ be assigned to one, and only one, of the 
above classes, so that the set of all modules is partitioned Into 
disjoint subsets with regard to the form of materials. 

The relation thus defined shall be called form relation and 
denoted by R^. 
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Exawplcs of woduled of class Fl, F2, anrV F3 ace given in Fig. 2, 3, 



and 4. 



The study of directed graphs (or digraphs, as we shall usually 
abbreviate them) arises out of the question, what happens if all 
the roads are one-way streets? An example of a digraph is given 
in WIL/2/10 the directions of the one-way streets being indicated 
by arrows; (in this particular example, there would be utter chaos 
at T, but that does not stop us from studying such situations!) 
Note that if all of the streets are one-way, then we can obtain a 
digraph by drawing for each two-way road two directed edges, one in 
each direction. 
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Calculated and oxpcriricntal values of the standard heat of formation 
of several hydrocarbons 1 1* ..^ i.:.,,,..^,, i 
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^•2 Cla ssification by Type of llaterlal ~ Every module will be further 
classified by the type of material it contains in the following categories: 

HI - definitions 

. H2 - informal descriptions of objects, events, concepts, 
illustrative explications, etc. 

H3 - theorems and deductive proofs 
H4-1 - solved problems 
H4-2 - unsolved problems 
H5 - valuations 

H6 - comments, i.e. introduction, conclusion 

117 - types of materials other than those covered in H^l through 
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Every nodule stored in the STITE svston v7iU be designed so that 
it can be aa^iisned to one and only one of the atovc classes so that 
the set of the classes (111, 112. 113. 114-1. llA-2. 115. 116). (117) forms, 
too, a partition of the set of all modules. 

DEFINITIOII: Modules m^.m^. i.j « 1,2. ...n. arc said to be related In 
type if and only if they are labeled as belonging to the same type 
class U^, i « 1.2 . . .7. The relation itself shall be called t^Qe 
relation and denoted by R^^. 

Examples of modules of various types are given below. 



We shall define a simple graph G to be a pair (V(G),E(G)), where 
VCC) Is a non-empty finll.c r.et of elements called vertices (or nodi-s, or 
nol.u :) Jind K(C) is a finite set of unordered pairs of distinct elements 
ul V(0) cuUcd nh'or. (or Hrnvj); V(c:) in Hotnetlmos called the verl ox act 
ni.d 1.(0 the ed,'.c-sot of U. I'or example \JlL/i/12 rrprcDents the uluple 
Crapl. C whose vertres-sct V((;) is the set (u, v, w, ^) . and whoso ed^.c-ser 
I.:(C) consists of the pairs (u,v). (v,w), (u.w), and (w,^) . . ^»^,^f^^6%<;'»,^> 
is said to join the vertices v and w; note that sim«e h(G) is a so . rathe i 

Otm ^iln^, thvvv. can never be more tlian one edge joining a giv.^ pair 

of vcrtfcesi of a simple gra{>h. 

v:we use the word "family" to mean a collection of elements, some of i.'hlch 
may occur several times; for example, (a,b,c) is a set, but a,a,a,b,c,c,) 
is a family. 
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It tumsj out that many of the results which can be 
proved about sJjnple graphs may be extended without diffi- 
culty to more geiieral objects in which two vertices taay 
have more than one edge join:Lng them. In addition, it is 
often convenient to remove the restriction that any edge 
must join two distinct vertices, and to allm/ the existence 
of loops, i.e. edges joining vertices to themselves. The 
resulting object, in which loops and multiple edges are 
allOT^ed, is then called general graph — or simply a graph 
(see WIL/1/30. We emphasize the fact that every simple 
graph is a graph, but not every graph is a simple graph. 
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Theorem* Let G be a simple graph on n vertices; If G 
has k components, then the number m of edges of G satisfies 

< < 

\i - k « m = J;:(n - k) (n - k +1) . 

Proof. To prove tliat m « n - k, we use induction on the 
number of edges of G, the result being trivial if G is a null 
graph. If G contains as fcx; edges as possible (say m ), then the 
reiioval of any edge of G must increase the number of components 
by one, and the graph vjhich remains will have n vertices, k + 1 
components, and - 1 edges. It follows from the Induction 
hypothesis that^m - 1 » n - (k + 1) , from which we Immediately 
deduce that m^ = n - k, as required. 

To prove the upper bound, we can assume that each component 
of G is a complete graph. Suppose, then, that there are two 
components Ci and Cj with ni and nj vertices respectively, whore 
nl ^ nj > 1. If we replace Ci and Cj by complete graphs on ni + 1 
and nj - 1 vertices, then the total number of vertices remains 
uncluinged, and the niunbcr of edges is increased by 

'^(ni -l- l)ni - ni(ni - 1)) - .'i(nj(nj - 1) - (uj ~ 1) (nj - 2)) 

« ni = nj + 1 

which is positive. It follows that in order to attain the maximum 
number of edges, G must consist of a complete graph on n - k + 1 
vcrticer. and k - 1 isolated vertices; the result now follows Ijimcd- 
lately. 
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Fig. 8 



Show tliat (1) the automorphisms of G form a group under 
composition (the automorphism group T(G)G of G) ; (11) the groups 
'J'(O) and T(C) arc Isomorphic; (111) T(kn) Is the cinnmetrlc group 
on n elcMiicntr., Find the automorphism group of Knin and give an 
example of a graph whose automorphism group la cycles of order 
three. 
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4.3 Classirication by Tiie Leva! of Difficulty of Ilatcrlals - 
Finally, every wodulc is classified by the level of difficulty of material 
contained in the module into one of the following three exclusive categories. 

Dl - introductory level 
D2 - advanced level 
D3 - tinspecifled 

, . It Is realized, that there are no formal, objective criteria 
for classifying modules by level of difficulty of materials contained 
in the modules. In many Instances, the decision as to the level of 
difficulty xrlll be made by the educator using the STITE system, vho 
will be permitted to reclassify a modulo In this rcnpect at his dls" 
cretlon. Other cues for level of difficulty classification can be 
found in conwiciits of the author of the documents from which the module 
Is adopted, couuncnts of reviewers of such (^ocumentu, etc. 

DEFINITION: Modules m^, m^ , 1 » 1, 2,...n arc related by 
level of difficulty if and only if they have been assigned to the same 
class. Dj^, k « 1, 2, 3. The relation Itself shall be called level 
of difficulty relation and denoted by R^. 

Examples of modules of various levels of difficulty are given 

helaw* 
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^* Profile of .1 Module 

As lias already been stated, every module which is stored in STITE 
has descriptors of catefiorics A and B and eventually a tested link code 
assigued to it and is furthermore classified by form, type, and level 
of difficulty. Collectively, this constitutes wluit ulll be henceforth 
referred to as the profile of a module. More specifically: 

DEFBIITION: The profile prof(ra) of a module m is a slxtuple' 
<Ta» "^B^ ^» ^i» "j» °ij>» "^^^'^^ 

- set of descriptors of category A assigned to the module m 
Tg - set of descriptors of category B assigned to the module m 
C « tested link code set 
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« forn of the module m, 1«1,2,3 
Hj « type of nodule m, j=l,.,,» 7 
Dj^ » level of difficulty of module m, kFl,2,3 

III. RELATIOIi'S ON SETS OF MODULES 

!♦ Semantical Relations on Descriptors of Definitional Mc d' iles 

Relations of a senumtlcal nature are recognized on the set of 
descriptors assigned to definitional modules and explicitly stored in 
the system* These relations in turn induce in a natural way relations 
in the set of modules. The latter will be discussed in Section III. 2. 

As before, let T^ be the set of descriptors of category A and T^ 
the set of descriptors of category B. Tlien T « T. U T,, is the set of all 
descriptors associated with definitional modules. This set of descriptors 
is called STITE vocabulary . 

Several relations which are based on the interpretation of the 
meaning of terms in Sill's vocabulary will \\o\t be defined. 

DEFINITION: Let t^.t^CT be arbitrary terms in the STITE 
vocabulary. Let term t^ i^ues term t^. t^-^t^. if the extension of the 
concept named by term tj includes the extension of the concept named by 
term t^ is contained in the intension of the concept named by term t^. 
This relation shall be called semantic implication and denoted by s , 

LEMMA. The semantic implication relation S is reflexive and 

IM 

transitive, but, in general, not symmetric. 
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Example: 

(dog, aniituil) ^ S^^j 

(metric function, quvisimetric function) ^ S^^ 

Another relation of -feeraantical nilture is the similarity relation. 
Itore specifically: 

DEFHTITIOI}: Let t^t^cT be arbitrary terms of the STITE vocabulary. 
Terra t^ and t^ arc similar in meaning If, and only if, the extensions or the 
intensions of concept named by these terns have elements In common and neither 
term t^ implies t^ nor term t^ implies term t^. The relation thus defined will 
be called semantic slrallarity relation and denoted by S^^j. 

LEbDIA: Semantic similarity relation is reflexive and symmetric, 
but in general, not transitive. 

Examples of elcraciits of semantic slrallarity rol.itlon are: 

(bird, tlylng object) ^ S^^^^ 

(complete graph, weighted graph) ^ ^STH 



2. Relntlo»ts on Modules Induced by Semantic Relations on Descriptors 

Semantic relations on the set of descriptors Induce several important 
relations on the modules in the STITE system. 

Let m^ and m^, i,j«l,2,...n, be modules and let t^(A) be a term of 
class A associated with the module m^ and t (A) be a term of class A associated 
with the module m^. Let (m^.m^) ^ R^^^^ if and only if [t^(A), tj(A)) « S^. 
Here the relation R^^^^ shall be called generalizing relation. 

The interpretation of the generalizing relation is simple: if 
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€ Rqpjj, then the module defines, describes, or illustrates a 
concept which is moie general than the concept defined, described, or 
illustrated by the nodule n.. 

The converse relation, r'''^GEN, can be meaningfully interpreted 
as In the relation leading from generic to specific. 

Another relation Is that of expllcational amplification. Module 
cxplicatlonally amplifies module m^, if and only if there is a term 
t^(B) of class B associated with the module m^ vhlch semantically Implies 
terA tj(A) of class A associated with the module m^. This relation is 
denoted by Rg^, Thus (ra^, m^) e if ^^ly [t^(B) ,tj(A)] cs^, 

furthermore, tv70 modules and m^, l,j « 1,2 n are meaning 

assoclatcjo, and denoted (mj,mj) e ±f and only if a terra t^(A) of class 

^ A associated v;lth wodulc iii^ is Kcmantlcally similar to tone descriptor t.(A) 
associated with the module m., l,e, if and only if [t.(A), t.(A)] ^ S„^,» 

3. Relations on >fodule8 Induced by F o rmal Relations on Dc^icrJpiors 

Relations on the set of modules stored in STITE are induced also 
by the formal relations which have been defined on the set T on descriptors, 
i.e. or the vocabulary of the system. One such category of relations is 
explicational relations, 

DEFINITION: Let m^ and m be arbitrary modules of STITE, m. 

•J * 

is cxplicatlonally related to m^ if there exists a descriptor t such that 
t 6 T^(A) and t c T^ (B) , where T^(A) is the set of descriptors of category 
A associated with module m^ and Tj(B) is the set of descriptors of category 
B associated with nodule Uy This relation is denoted by Rgjjp* 
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Corollary: A connected graph is Euleriaii if and only If Its 

edge-family can be split up into disjoint circuits 
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Let V be the vector space associated (in the sense of exercise 2j) 
with a graph G. Use corollary 6c ta show that if C and D arc 
circuits of G, then their vector sum C + D may be written as on 
edge-disjoint union of circuits; deduce that the set of such unions 
of circuits of G forms a subspace VJ of V (called the circuit sub- 
space of C.) 

ABC WIL/1/67 
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Eulerian graph 
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DEFINITION: Consider arbitrary modules u^, m^; i,j"l,2...n. We 
shall say that m^ and m^ are contex t ually related if and only if 
there exists a descriptor t^T such that t£T^(B) and teTj(B), i.e. 
such tliat t is a descriptor of category B contained in the profile 
of both modules m. and m^. This relatimls denoted by R^^„. 
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The conte:aual rclatioa induces n variety of groupings of the set 
of modules, depending on a more specific criteria involving the associated 
desc**iptors« For instance, a particular descriptor t^T might be selected 
and modules grouped into tv;o classes: class of modules having descriptor 
t as an element of T(3) in their profiles and a class of modules which 
do not have descriptors t as an element of T(B) In their profiles • On the 
other hand, the modules may be grouped into one class if they have some 
descriptor of category T(B) in common • 

An example of contextually related modules //13and j?lA is given 

below: 



Matroid theory is simply the study of sets vith 'independence 
structures' defined on them, generalizing not only pr^opcrties of 
linear independence in vector spaces but also su^^eral of the results 
in graph theory • However, matroid theory is far from being •generali- 
zation's sake; ou the contrary, it gives us a deeper Insight into 
several s^^^'^ph theoretical probiems as v;ell incltullug among its 
application:; simple prooft; of results in tiausvcr»aJ tlieocy which are 
awkward to prove by raoro traditional methods^ We believe that matroid 
theory has ;ui Important role to play in the development of combinatorial 
theory in the coming years for this reason* 

A B 

matroid theory set GKAWl THEORY 

independence stiucriirp ^ WIL/1/2U 

linear independence — 

vector space F 1 

transversal theory 2 

combinatorial theory — 

generalization D 1 



Fig^ 13 
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VJc nliall Invct-tijjate various combinatorial problems, including 
the celebrated ^:inrria:;e problem' v;hich asks under x;hat conditions 
a collection of boys, cacn of v;hoin loiows several girls, can be married 
off in such a way that each boy marries a girl he laiov;s* This problem 
can be easily expressed in the language of transversal theory, a very 
Important branch of combinatorial mathematics • It will turn out that 
these topics are closely related to the problem of finding the number 
of paths connecting tV70 given vertices in a graph or digraph, subject 
to the X us trie t ion that no two of the paths have an edge In common • 

A B C WXL/1/18 

combinatorial theory marriage problem 

transversal theory F 1 

path 

H 2 
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Fig* 14 



DKFINlTlOii: Modules m^ and m^, i,j « 1,2, n arc homonymic ly 

related If there exists a descriptor t^T such that t ^ T^(A) aiid t€Tj(A), 
where T^(A) and T (A) arc sets of terras of category A associated with modulcti 
and m_j, respectively* 

We shall denote a homonymlc relation on the set of modules by ^y^^ 

Intuitively, whenever any two modules are homonymicly related, they 
either explicate a particular concept in different terms, or explicate possible 
different applications of the same concept, or explicate concepts which are 
different concepts but which are referred to by the same name (descriptor). 
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Examples of modules which arc homonymically related are given 



below. 



Problems on Eulerian graphs frequently appear in books on 
recreational mathematics - a typical problem might ask whether a 
given diagram can be draw» without lifting one's pencil from the 
paper and without repeating any l.'nfs. The name 'Eulerian' arises 
from the fact that Euler was the first person to solve the famous 
Konigsbcrg bridge problem which asked, in effect, whether the graph 
in WIL/1/42 has an Eulerian path (it hasn'tl). 



Eulerian graph 



B 

recreational mathematics 
Euler 

Konlgsberg bridge problem 



C 

I 
H 

D 



WIL/1/49 

1 

2 

1 



Fig. 15 




B 



C WIL/1/48 



Eulerian graph 



connected graph 
closed path 
Eulerian path 



F 
H 
D 



2 
7 
1 



Fig. 16 



ERIC 



53 



^* Rcil Atlonnl SyiUoii of Ilcdttles 

Lot M demote tho set of all niodulcs which are stored In STI'lTS, 
Let R , i « 1,2, ,,,, n be a set of binary, trlaary, etc, relations defined 
on the set l\. Tha nalhcnntical object ^lI,U^,n2> shall be called 

the relational system of inodula,s of STITE > 

In the preccediiig section, we have already defined the followinc 
relations ou the set H o£ modules; 

R - form relation (see 1. 4*1) 

F 

Rjj 5 type relation (see !• A»2) 

E diffictilty relation (see I. 4,3) 

LEMMA* Relations R^., R^j, and R^^ are equivalence relations on the 
set of modules M« 

From the relations Rj,, R^^, and R^, other uf^elul relations can be 
obtained by the so cfilled refinement process* 

DEFIillTIOM: Let and S be arbitrary relations* The product US of 
the U and S is the relation US so that 

RS {(x,y) |Vx,yHz (x,r.)^ Rand (2,y) € s) 

DEFIillTIOM: An equivalence relation R is a refinement of the 
equivalence relation R if and only ifa^R^a^R for all a e R» 

LEICIA, The product relations RpR^jt requivalence 
relations and are refinements of the relations Rp and Rjj and R^ and Rjj, and 
Rjj and R^^, respectively* 

LEMI1\, The product relation l^.^^j^^ ^ eqtilvalencc relation and 
Is a rcfincr.icnt of the relations ^» \* %* 
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Other relations on the set M of modules, which have been already 
defined and which are part ot the relational system of modules of STITE, arc: 

^Vrn S Test-linked sequencing relations - « 1,2, ♦••,kt 

Z Explicational relation 

Rr^/xxt 5 Contextual relation 
CON 

Rjjjjjj S Homonymy relation 

Rgjj^ = Explicational amplification relation 

^ Meaning as::ociate relation 

Further details of the relational system of modules arc In the procc\S3 
of devu:|>o|H*ient together with the exi)erimental STXTE interface system. 

IV* pnor.i :i)uai:s usfj) in frkparihg Kxr ERT m;NTAi. modulks 

For the experimental STITE interface system, a set of modules was 
prepared with the goal of providing an introduction to the subject of graph 
theory. Most modules were extracted from the book. Introduction to Graph Theory 
by Wilson, which was chosen because it presents the necessary type of subject 
matter at the desired level of difficulty* 

Modules were constructed from excerpts from the text* Modules in 
natural language form v;ere selected of about 20 to 100 v;ords in length. 
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Descriptors of both categories A aiid B were extracted from the 
text oC the modules ♦ These were written on the index card with the concept 
in accordance with the already outlined definitions (i#e., A « the name of 
the concept, li « modify ins or descriptive v7ords and terms, C « the codci for 
the source of the mafcorial, F » the form of the material, 11 » the type of 
material, and D « its level of difficulty.) • 

Certain general rules for editing the text were followed in module 
preparation • 

1« Statements are prepared as spolcen presentations, rather thaa as 
written ones* Consequently such phrases as "in the previous 
chapter," "the reader will note," and "terms In bold face type" 
must be deleted and the text rearranged when necessary for 
clarity and completeness. 

/ 

2. Dltfercnt typeu of materials, even, if thoy describe the uamc 

concept, are separated* For example a definition of a bipartite 
graph that is followed in the text by an Illustration of &uc)\ 
a graph must be divided so that the definition comprises one 
module and the illustratiun another* 

3* References from one module to another use the author code 
number of the module referred to and not the wording of the 
text* "Graphs containing no loop or multiple edges (such as 
the graph in Fig* 15)" would appear as "graphs containing no 
loops or multifile edges (such as the graph in WIL/1/11)"* 
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Tcrran for A and B arc nouns. Adjectives may be included when 
they are a part of the nane of the concept, as in the case of 
"planar craph" or "disconnecting set", but the basic term is 

ft 

in noun form, (In a few instances it is necessary to Include 
a modifying phrase, such as "collection of points " or number 
of ed^os, but this usage should be avoided whenever possible.) 

All terras used are singular, not plural, in form. Even when 
the text uses the plural, as in "tlie study of directed graphs," 
the A or B term would be "directed graph" , (Occasionally there is 
a term which, when used in the singular, is meaningless. Such 
a term would be "multiple edges" or "adjacent vertices". In 
these cases, the term may be used in the plural form but here 
again, this exception to tlie rule should be avoided whcnt^ver 
por?f;llvI«>.) 



Bo consistent In the use of terms when the same name or; concept 
appears in different modules. For example, do not use "verlcx" 
in one modulo and "point" in another" 

t 

In tiomf cases there may be no "B" ten in a given module, but 
there is always an A term. 

Each module should be a complete unit and should not refer to 
any other module except in cases in which there is a specific 
reference Ity module number to another. To illustrate, phrases 
within the text such as "the graph we have been discussing su 
far" and "such graphs will be discussed later" should be deleted. 
However, any specific references such as "by means of points and 
lines as in m/1/5" and "the graph in WIL/1/8 can also represent" 
are retained in the text and also listed under Term B. 



PART THREE 
STRUCTURING OF OUTPUTS OF THE 
INTERFACE i'YSTm BY TYPES OF 
REQUESTS 



57 

PART TIRil-l; 

STRUCTURTNT. THE OUTPUTS OF TllK ir<TKRFACE SYST) '.! t BY TYI'ES OF REQUr.STS 

Albert N. Badre 

1» Variations in Levels of Requost s 

Two types of request variations are identified: (a) between- 
request variation and (b) within-request variation. The class of between- 
request variation constitutes those tasks that an educator considers necessary 
to "proper" teaching. The sixteen task possibilities suggested in the last 
report are examples of the between-request variance classification. Under 
this category of requests, the difference in queri'is corresponds to the 
difference in tasks. For example, a query for generating a course outline 
is different from one that generates a narrative presentation. 

In the class of wlthin~reque-',t variation, the same question in 
a«4...fa in «Ufroront ways and at ULfferent levels of del inability, fake, for 
cxampit;, the request: Retrieve a sub-courso on liulcrLm graphs. This request 
may ho made at (a) vatloua levels of content, for (b) different types of clients, 
at (c) various levels of difficulty, and (d) different modes of presentation. 
Note that while the request may be different in correspondence with various 
combinations of the stated levels, those differences are over the same task. 
For Instance, a request for a subcourse on Hamiltonian graphs, while different 
in content from a request for a subcourse on equilateral triangles, is the same 
task-type. The distinctions relative to the withxn-request variation will be 
emphasized here. 

The following are examples of each of the above-stated levels. 
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1.1 Levels of Coalon t 
Retrieve: 

Ql a sub-course on Eulerian graphs 

Q2 a sub-course on Eulcrian graphs, but Include 
an explanation of graph. 

Q3 a sub-course on Eulcrian graphs to a group of 
students who know the meaning of graph. 

Q4 Retrieve a sub-course on a set of concepts, A, 
but exclude an explanation of k terms in net 
B, such that k {0,1,2. . .}. 

1.2 Levels of Users 

Q5 Retrieve (Ql) (this refers to (1) above) for a 
group of chemists* 

Q6 Retrieve (Q2) for a mJ.xed group of chemicts and 
electrical eufiluecrs. 

Q7 Retrieve (Ql) for a group of non-scienti3t:)« 

Q8 Given (QA) apply to group g^ 

1.3 Levels of Difficulty 

Q9 Retrieve (Ql) at a moderate level of difficulty. 

QIO Given (Q6) retrieve (Q2) at an elementary level of 
difficulty. 

Qll Given (Q4) or (Q8) , apply to level of difficulty 

1.4 Levels of Presentation 

Variations in requests stemming from differences in modes 
of presentation are associated with the following different types 
of modules* 
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1.4.1 Motivational - I'hls typo of module describes 
the content of a course which Is peripheral to 
the content of the lesson. It Is motivational. 
The author's purpose Is primarily to Introduce 
the lesson In order to capture the student's 
attention and interest. Ordinarily with each 
module we associate a central concept and a set 

of terms that are used In explaining that concept. 
The central concept associated with this type of 
module is characterized by the name of a topic. 

1.4.2 Illustrative Explication - Tlils class of nodule 
contains illustrative explication of concepts. Here 
the concept is not defined formally or explained 
analytically. It is explained by way of concrete 
examples . 

1.4.3 Definitional - These are modules in wliich the 
concept is explained through a formal definition. 

1.4.4 Deductive - This class of modules contains formal 
proofs of theorems associated with a given concept. 
They deal only with deductive formal proofs and 
not with inductive, empirical verifications. The 
central concept of such a module is the name or 
description of a theorem. 

1.4.5 problems - This is a class of module which 
contains problems to be solved by the student. 

1.4.6 Examples and Exercises - This is a group of 
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modules thai; contains (worked out) demonstrations 
and exercises. 
1.A.7 Conjectivcs and Hypotheses - This class of 

modules contains unproven theorems and hypotheses 
open to testing. 

Given the stated classification of modules, when different modes 
of presentation arc referred to, the utilization in the presentation of the 
different types or combination of types of modules Is intended. 

Q12 Retrieve (Ql) in a non-definitional illustrative 
explication mode for g. (Note that this request 
corresponds to task No. 3 of the part of the previous 
report entitled Task Possibilities) 
Q13 Uctrlove (Ql) in 1.4.2, a non-dof iiiitionaX illustrative 
cxpllcatlou mode followed by 1.4.3, a fonual dellnilion 
and 1.4.4, relevant theorem. 
Q14 Given (Q6) or (QO) or (Qll), utilize node of presentation 

2. Tli<» structur e of A Question 

2.1 Basic Af?sumptions and Rules 

In order to make the distinctions between unique questions over 
the same task more easily identifiable, a more precise description of 
the structure of a question is needed. The following are basic assump- 
tions and rules associated with the generating of a representational 
structure for a request. 
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2^1.1 A module is a uiiiU of material relevant to a 

a given subject with which is associated a tena 
to be explained, and a set of other terms that are 
necessary to explaining T^^. 

2.1.2 Call each module a node on a tree-graph* 

2*1«3 If , In building the stiructure of a request , a 

term node has not been previously named , then it 
is designated a continuing node, and is represented 
graphically such that x is the name of the node. 

2* 1*4 If a node* term has been previously named, then it 
is designated a terminating node, and given the 
graphic representation fxl . Also, a node is 
designated terminating if excluded by request; 
e.g. sec [1.1 (Q2)]» 

2#1#5 Call the naming of a node an event t {fQ|f> • • 9^^^ 

such that f is the last node in the order of naming, 
n 

2.1.6 If a node has been designated as continuing vitli 

event f^, then its extensional term nodes are named 
n 

ill the order of occurence of events. Hence tttc 

extensional nodes of f ^ will have to be named before 

r-1 

naming the extensional nodes with event f^. 

2.1.7 A term-node is extensional whenever it is used to 
explain or is associated with the term of another 
node. Extensional nodes derive only from continuing 
ones. 
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Given the rcquesl:: Rctrl'jvo a subcourttc on Eulcriim graphs for a 
naive learner, utili:'-in;i the above assuinptioa and rules. 

First , all o:C the torns necessary for e:;plaining Eulcr graphs 
are identified. Tliis hy turn leads to tlie identification of all the terms 
necessary to e::plaui the tenas used in explaining Euler graphs. This process 
continues until every necessary term has been named, Tlie structure is said 
to be complete v/hon every terra has been named and every node has become terminal, 

•o 

Concept Number Association 

2 3 4 5 6 

1, Euler ian Graph > connected graph, graph, closed path, path, edge, 

7 

Eulcrian path 



2, converted graph 

3. graph -> vertex, edge 



8 9 
> vertex, chain 

8 6 



9 10 
A. cIo.-:(.hI path > chain, luitJul verL( 



n 

*Jnal vertex 



5, path 

0, edge 

7, Eulcrian path 

8, vertex 

9, chain 



10, Initial vcrtex-^-- 

11, final vertex 

12, edge-sequence — 



6 12 
edge, edge-seqtience 

3 

— > graph 

5 4 6 

^>path, closed path, edge 

3 

— ^ graph 

12 6 5 8 

— -> edge-sequence, edge, path, vertex 

8 12 
^vertpx,. edge-sequence 

8 12 



-> vertex, edge-sequence 

6 3 
-> edge, graph 
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Kuinhcr-nn-'.in^: ; 



-> 2, 3, A, 5, 6, 7 



> 8, 9 



-> 8, 6 



4 > 9, 10, 11 



5 y 6, 12 



-> 3 



8 > 3 



-> 12, 6, 5, 8 



10 > 8, 12 



11 — - -> 8, 12 



12 ^ 6, 3 
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This Is a structure of the same query on Eulcr graphs using a 
different author's interpretation^ 
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Request: Retrieve a subcourse on a tern a in class A terms. Let a « {a^^ £2***V 
such that n is die niunbor of luodule class A terms necessary to retrieve 
a subcourse on ji. 

SYSTKI'S TASK 

Step 1: rarse request: If definitional module mobiles (DOT) are not excluded 
by request, go to Step 2. If KIT are excluded by request, go to 
Step 7. 

Step 2: Scan DlIT for a: If DlIP for a does not exist gGi|o Step 7. If Dlfl? 

for a exists, create a node for it, name it a and go to Step 3. 

Step 3: Identify from DMP for a class B terras that are asKOciated with a 
and list them alphabetically: Go to Subroutine 1. 

Subroutine 1. 

Create a node extended from node a (extenslonol node) for the 
first term in the alphabetical list of identified class B ter«n« 
and name it by name of texm. Scan previouiJy n^med nodes. If 
node has been previously named (or if name of its term was excluded 
by request), designate it terminating. If it had not been previously 
named (and/or not excluded by request) , de»lt;nate it continulnc 
Repeat this operation on each of the remaining alphabetically ordered 
terms of class B that are associated with D!IP for a. After operation 
is completed on the last class B term in the alphabetical list, go 
to Step A. 

step 4: Identify all rcmlnlng continuing nodes. II no contlnnlni; nod. :. 

exist. BO to Step 5. If contlnulnp, nodes oKlst. sulcct Iho .-..vlUr.t 
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named one in the o>-dcr of nainiiu-i and go to Subroutine 2. 
Subroutine 2; 

Apply Step 1 to selected node* Repeat operation until all named 
nodes are designated terminating, then end tree and go to Step 5* 

Step 5: Identify the last named continuing node whose module has not 

been retrieved* If such a node does not exist stop« If it does 
exists, go to Step 6* 

Step 6: Retrieve DlIP for identified node (call it b) and go to Step ?• 

Step 7: Parse request: If illustrative explication module profiles 

(lEMP) arc not excluded by request, go to Step 8. If IliIMP are 
excluded by request, go to Step 10 • 

Step 8: Scan im? for a. If IKMP for a docs not exist, go to Step 10* 
If llillP for a exists, go to Step 9. 

Step 9: Retrieve IlIIU* for a and go to Step 10. 

Step 10: Parse requeat: If theorem module profiles (ITIP^ are not excluded 
by request > go to Step 11. If Ttll' are excluded by request, go to 
Step 13* 

Step 11: Scan TIIP for a. If TlIP for a does not exist, go to Step 13» 
If TMP for £ exists, go to Step 12 • 

Step 12: Retrieve TIIP for a and go to Step 13* 

Step 13: Parse request: If problem module profile (PIDP) are not excluded 
by request, go to Step 14# If PMP are excluded by request go to 
Step 5* 
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Step lA; Scan Pin? lor a. If HIP for a does not exiot, go to Step 5. If 
PIIP fox' n exists, to Step 15, 

Step 15: Retrieve PMP for a and go to Step 5. 

AdJcndun t:o Scc^uenco. of Steps 

A primitive is defined as a term a: \ilien a is defined » it uses at 
least one term b, and vhen b is defined, it uses at least term a* 

Before retrieving definitional modules as outlined in Steps l"- 10, 
identify all continuing nodes whose terms are primitive ♦ Then retrieve DMP, 
lEMP, TlIP, and PMP, whenever existing. After finishing this process go to 
Step 5* 

EKamp3(? o f the Sy?; fe rns I^^^^ to *i Query 

Request: Rotrlevc. a subcourse on Kuleriau graphs with mu1Hp3c 
exiimpJ.i's .nnd theorems wheuevnr available, but: no prob]oia«. 



A graph is defined to be a pair V(C) , E(C) , where V(G) 
is a non-empty finite set of elojiients called vertices, and 
E(G) is a finite family of unordered pairs of (not necessarily 
distinct) elements of V(G) called edges; note that the use of 
the word • family • permits the existence of multiple edges* We 
shall call V(G) the vertex-set and E(G) the edge-family of G. 



A 

graph 




B 

non-empty finite set 

element 

vertex 

unordered pairs 

edge 

family 

multiple edges 
vertex-set 

.S!^B?rfi?r4ilX 

Fig* 17 
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Consider 1 ox\<X 2 \;hlch depjct, respectively^ part 

of nn eloctrical netv;ork and part of a x*oad map* It is clear 
that cither of theu can be represented diagrcinniatically by 
moans of point n and lines as In Fig# 3* The points P, Q, R, 
S, and T are called vortices and the lines are called edges; 
the v:hole diagrar.i is called a graphs (Note that the inter- 
section of the lines PS and QT is not a vertex of the graph 
since it does not correspond to the meeting of tv/o wires or 
to a cross-roads) • 



ABC WIL/1/2 

graph electrical network ^ - - 

road map — 

line ii ^ 

vertex - 

edge - ^ 

Fig. 18 
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Clearly the jirapli in V/II*/l/6 can also rcprorjcnt other 
sltnntlons* For cxainplc, if P, Q, R, S and T represent 
football teams, then the existence of an edge, might corres- 
pond to the playlu}; of a game betv/een the te,uus at its end- 
points (so that in Vi\\^ 3, 1* has pJiiyed aj'alnst S but not 
against U) ; thiu case, the degree of a vertex is the number 
of games played by the* corresponding team* 
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WliVi/lG rcprcsseuts the oJniple graph C v/hoije vertex-set 
V(G) ij5 the set' {u,y,v;,J5} , and v;hose edge-aet K(G) couMlsts 
of the pairs' {u,v},' {v,w),' {u,w} and' {w,z}. The edge {v,v;} 
is s.'iid to join the verticcfs v and w; note thnt since K(G) Ir. 
a i;ct> rather than a J:andl.y, there can never he more than oiitt 
edge joining a given pair of vertices of a simple graph. 
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A B C MIL/ 1/S 
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GLv I'll any graph G, an edge-scqucucc In G is 
scquenc! of edges of the form 


finite 


'{vq,v^} '^,V2}, ...» '{v„^i, V 




(also denoted by Vq — y V- — > V2 — — ^^u^* 


It Itt clear 


that an cdyc-.sequcncc has the property that any two counecutlve 
edges arc either adjacent or identical; however, an arbitrary 
sequence of ed{;os of G which has this property is not necessarily 
an edge-sequence • 


A B 


C WIL/1/9 


edge-sequence finite sequence 

edge 
form 

consecutive edges 
adjacent edges 
Identical edges 
arbitrary sequence 
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All cJse-soqucnce appears in the literature as a walk, 
route, path or ed^^^a-prof^rcssioa 



A B C WIL/1/10 

edge-sequence walk ^ - 

A- J? X 

route — 
path - 

edge-progression — 

D 2 

Fig. 26 



An edge-sequence trivally determines a sequence of vertices 

VnfVif •••• V : we call the Initial vertex and v the final 
0' 1 n 0 m 

vertex of the edge- sequence, and speak of an edge-sequence from 

A B C WIL/1/11 

edge-nequoncci sequence, of vertices y 

initial vertex — 
final vertex 2 



rig. 27 



An edge- sequence in v;hich all the cdjjoa and vertices 

Vrt»v, , ... v arc distinct is called a chain. 
0* 1 m 

A 5. £ WlL/1/12 

chain ' edge-sequence 

edge • F 1 

vertex 

H 1 
D 2 



Fig. 28 



V v; X y z is a chain 

A i £ WIL/1/13 
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Eulerian path is a closed path which includes every 
edge of G* 

A B C Wlh/l/lA 

Eulerian path closed path ^ 1 

edge 3 

n 1 



Fig. 30 



A graph v;here all tlic edges (but not uccussarily the 
vertices) are distinct is called a path. 
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V— > w_> X .-> y —> > 2--> X is a path 
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A path Is closed if Vq, the initial vertex is equal 
to \' , the final vertex. 
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v_, w_-> x_>y~-, 2_,x_»v is a closed path 



closed path 
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! A graph G in »aiJ to be connected if given any pair 

I of vertices v, w, of G, thi*re is a chain from v to w. 
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A comiected graph with three components is shown in 
WIL/1/20. 
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A graph la connected in the above sense if and only if 
it is connected in the sense of 3. 



?xoot,zzz^ Let G be a graph which is connected in the 
above sense. If G is the union of two (disjoint) subgraphs, 
and V and w are tvo vertices, one from each subgraph, then 
any chain from v to w raust contain an edge which is Incident 
to a vertex of each subgraph: sint:e no such edge exists, we 
have a contradiction. 

Now suppose that G is connected in the sense of 3, and 
suppose that there is no chain connecting a given pair of 
vertices v and w; if we define connected components as above, 
then V and w will lie in different components. We cmi then 
express G as the union of two graphs, one which is the compo- 
nent containing v and nic other of which is the union of the 
* remaining componeni o, I'lis establishes the required contra- 
diction, 

IJow tlu-it wc Knov; v;hnt connoctednciss means, it is natural 
to try to find out somcthlnft about connected gvapho. One 
direction of interest is to investigate bounds lor the number 
of edges of a simpJ-D graph on n vertices with a given number 
of components. If such a graph ia connected, it seems reason- 
able to expect that tlie graph has fewest edges when it has no 
clrcuiti; — such a graj.h is called a tree — -uid most edges 
when it Is a complete graph; this would imply that the number 
of edges must lie bot^^een n - 1 and ''in(n-l), V/e shall, in 
fact, prove a stronger theorem v;hich includes this result as 
a special case. 



A 



B 



C 



WlL/1/21 



connected graph 



union 

disjoint graphs 
vei tex 
subgraph 



H 



F 



1 



3 



chain 
edge 



1 



connected components 
union 



Fig. 37 



Let G be a simple graph on n vertices; if G has k 
components, then the number in of edjics of G satisfies 



n-K 



t m ~ ii(n~k)(n-k+l). 



Proof, To prove that ra ^ n -k, V7e use Induction on the 
number of edges of G, the result being trivial if G is a null • 
graph. If C contains as few edges as possible (say TOq) , then 
the removal of any edge of G must Increase the number of compo- 
nents by one, and the graph which reinalns will have n vertices, 
k + 1 components, and - 1 edges. It follows from induction 
hypothtsis that - 1 > n - (k+1), from which we Immediately 
deduce that m^ ~ n - k, as required. 

To prove the upper bound, we can assume that each compo- 
nent of G is a complete graph. Suppose, then that there are 
two components and with n^ and n^ vertices respectively, 

where n^^ n^> 1, If v;c replace and 0^ by complote graphs 

on -i- 1 and - 1 vertices, then the total nuinbei; of vertices 

remains michani^ud, and the niunber of edges is Increased by 



which ifi positive. It follows that In order to attain the maximum 
number of ed^-cs, G oust consist iof a complete graph on n-k+1 vertices 
and k-1 isolated vertices; the result now foJ"! <ws Imnedlately. 
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Definition: 



A connected graph is called Eulerian, if 
there exists a Kulerian path. 



Eulerian graph 



B 

graph 

connected graph 
Eulerian graph 



C m/1/22 



F 
H 
D 



1 
1 
3 



Fig. 39 




won -Eu 1 oTl/m {^r a ph 



B 

connected {>raph 
closed patli 
edge 



Fig. AO 



C 
F 
U 
D 



WIL/1/23 

2 

7 

1 ""'^ ■ 



semi-Eulerian graph 
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Eulerlaa graph 
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A connected graph G is Eulerian if and only if the 
degree of every vertex of G is even. 

Proof • Suppose that F is an Eulerian path of G. 
Wiencver P passes through any vertex, there is a contri- 
bution of two touards the degree of that vertex; since 
every vA^fi occurs exactly once In P, every vertex muat 
have even degree ♦ 

<f:™ The proof i« by induction on the niuuber of edges of 
Ct Slncd 0 is coimccted, every vertex has degree at least 
two, aud so by the above lenima, G contains a circuit C« If 
C contalnij every edge of G, the proof is complete; if not, 
we remove from G the edges of C to form a new (possibly 
dlsconjicirlfKl) graph U which h«is fewer edges than G and in 
wJilch ev«jry vertex still has even degree.. By the induction 
hypothuslrij each copiponent of 11 luis an Kulcrian path* Since 
each coiiiponent of H has at least one vertex in conrmou with 
C, by connectedness, v;e cbtain the required Etilitrian path of 
G by following the edges of C until a non-isolated vertex of 
11 is reached, tracing the IJulerian path of the component of 
H v;hich contains that vertex, and then continuing along the 
edges of C until we reach a vertex belonging to another 
component of H, and so on; the whole process terminates when 
we get back to the Initial vertex (see WIL/1/270 
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Lcit G be an Eulerlan graph; then the following con:?truction 
is always; possible, and px^oduces an Kulcrlau path oC fJcart 
at any vertex u and traverse the edj^cs in an arbitrary iiinuncjr, 
subject only to the following rules: 

(1) eriisc the edges as they arc traversed, and If any 
Isolated vertices result erase them too; (11) at each stage, 
use an Isthmus only If there is no alternative « 

Proof. V/e shall shoi/ first that at each stage the con- 
struction niay be carried out* Suppose J,\zt we have just reached 
a vertex v; then If v u, the subgraph 11 which still re;aains is 
connected and contains only two vertices of odd degree namely, 
u and V. By corollary 6D, U contains a semi-Eulerian path P 
from V to u. Since the removal of the first edge of P does not 
disconnect 11, if follows that at each stage the construction is 
possible* If V - u, the proof Is almost identical, as long as 
there are still edges incident v;ith u« 

It remains only to show that the construction always yields 
a complete Eulerlan path* But this is clear, since there can be 
no edges of G remaining untraversed when the last edge incident 
to u is used (since c^therwise the removal of some earlier edge 
adjacent to one of these edges would have disconnected the graph,) 
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ClinolOgy SCHOOL OI-IMORMATlOSASDCO.WUnR SVi t:\CE / (Ml /ATLANTA, GEORGIA 30332 



March 7, 1974 



Vo would Mkr- to solicit your help In coinplllnp, some data that will 
bo uf.od in a le-Kiarch project that is currantly imdrirway at Georgia In-ititutro 
of It d 111 () lofty. 

STlTi; (Sclen title and Tochnical Inform-ition Tran.sftrr for EducatioiO 
Is iui MSI* snonsorod pro.ioct, the objective of which 1» to enhance the use of 
Kcienre and technical Infoimation systems by educators. 

One result of rer.e.irch and development In the field of science tnfovn;jtion 
Jn recent years ha.n been the establishment of larRO banks of descriptive 
iufotm^ition and biblior,rnphi c data that ia stored on digital and nnaloR ivdla. 
Ihesf. eoUectlont4 of data, alonp. w'-.h the mechanisms for their orRanizat ion, 
search, and dissemination, comprise science and technical infumatlon »ystetn«: 
examples of such centers would be the Cljemical Abstracts Service of the 
A.iK.rican Chemical Society, NASA Scientific and Technical Information Facllitv, 
The Information Section of Wveth Laboratories, the North Carolina Science and 
Technology Research Center, and so forth. 

Tlie utilization of these centers has^ in the past, been primarily by 
roscMrch faciliti;<? and by industry. However, the use of resourceu so valuable 
sh;^ald be extended, and the" field o f education, especially in science an^ 
engineering, seems to be a natural direction to take. 

Therefore, the Roals of S.TITE include the following: 

1. To describe operationally the process of transformation of 
scientific and technical information system outputs for the 
purpose of inteKrating them into the content of science learnini'. 
systems (i.e. computer-based as well as routine class-room type 
educational systems). 
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Pace 2 

March 7, 1974 

■ I 

2. To investigate to what extent and to what specific purposes 
educators are nakdng use of information available from scientific 
and technical information systems and what factors could enhance 
their utilization of these systems. 

# 

3. To investigate comparatively the design and operating characteristics 
of scientific and technical information systems and science learning 
systems, particularly from the viewpoint of requirements for 
trans^ferring information between them via a man-machine interface. 

4. To implement an experimental design of a limited transfer mechanism 
from appropriate existing science Information systems into science 
learning systems and to evaluate the cost effectiveness of that 
mechanism. 



Enclosp.d you will find a questionnaire the answers to which should provide 
factf: which arc esnontial for our work. Please take a ftw minutes of your 
time to complete It and return it in the enclosed, stampe.l envelope. 

The succos.<5 of this study will depend upon your cooperation, and wo are. 
grateful for your assistance. 



Sincerely yours. 



Pranas Zunde 
professor. 

School of Information and Computer Science 



Eticlosurcs (2) 



P2:jbo 
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Instilute of Techfiology , School of Information & Computer Science, Atlanta, Ga. 30332 



SURVEY OF iN f ORMATION NLFDS OF EDUCATORS 

K Are you famt liar wt th the services offered by any of the scientific and 
technical information systems? 

YES ^ (If yes, please identify which system(s) you are familiar 

v^ith: -i 



NO (if no, please go to question No. 10.) 

2. Have you ever ust?!d any of the services provided by any of the scientific 
and technical information systems? 

YES (If yes, please identify the system(s) you have used. 



NO (If no, p^cn^Je specify iho reasons for uol using the service. 



Pleases answer questions 9, 10 and II) 

a) Whot kind of services and/or materials have you requested from sclent I fic 
and technical information sy^,tems? 

Monographs 

Copies of articles 

Patents 

Data 

Abstracts of documents 

Bibliographic compilations 

Literature searches 

On-line browsing 

Translation of documents 

Other (Please specify) 



86 



b) Did you obtain the information you requested? 

Never 

Sonic limes 

Often 

Always 



c) Were you satisfied with^thc services of the scientific and technical 
information systems? 

Never 

Sometimes 

Often 

Always 



4. Did you request and receive information directly from the scientific r^nd 

technical information systems or through some other channels (e.g. library, etc,) 



ni rect 



Other channels (fMease specify) 



5- K>r v/hat purposes have you used the services of scientific and technical 
information systems? 

Research 

Teaching 

Others (Please specify) 

If you have chocked '•teaching** please tjo to next quest ion. If you 
have not checked '•teaching** go to question No. 10. 



6. Please specify courses for which you have used scientific and technical 
information system services in the last two years. 



Course Title 



I) 



Le^e I of Di f f i cul ty 

I nt roductory ____ 

I nte rmediate 

Advanced 



(cont inued) 
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Lecture 
Seminar 
Project 
Laboratory 



f 



6. (continued) 

Course Title Level of Difficulty 

2) Introductory 

I n tc rmed i a t e 

Advanced 



3) Introductory 

Intermedi ate 
Advanced 



(If you need more space, use the back of this sheet.) 

7. For Viht-it specific teach incj purposes did you use scientific and technical 
I nfornitit ion system services? 

D(!Vt'lopnient of a nev^ course ^^^^ 
Updating rourso jnciti-iials 

• Preparation of ilUritralivc examples 

Pieparation of prohlems and exercises ^^^^^^^ 

Selection of case sturlies 

Preparation of stato*-of - the-ar t reviews 

Compilation of bibHoqrapliic references 

Collection of data 

Preparation of quizzes and/or tests 

Assisting students in homework assignments 

Compilation of bibliographic references 

Current awareness in course subj:ct area 

8. How many times did you use scientific and technical Information system 
services for teaching purposes during the last two years? 

Once 

1 to 5 t imes _ 

6 to 20 tinges 

More than 20 times 



Type 

Lecture 
Seminar 
Project 
Laboratory 

Lecture 
Seminar 
Project 
Laboratory 
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9. In your opinion, what features relntinq to types of materials, ease of 
access, manipulation, etc. would make the utilization of the resources 
of scientific and technical information systems for teaching purposes 
norc attractive? 



10. Have you used any technologybased teaching systems^ such as CAI, in 
teaching any of your courses? 

YES (If yes, please name the systems. 



NO 



11. If you have used tochnologybased systems, do you feel that information 
need:; for the prepciration of these types of courses arc different than 
those of other types? 

YES (If yes, please explain. 



NO 
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SCHOOL or i\roK\!'\Ti(>\ Axn co\!in'n:n scfi:xa:/ (40-0 .s^-/..?/.5.? i Atlanta, georcm sojS2 
March 25, 19 7A 



Dear Sir: 

Under an NSF Rrant, we arc currently working on a research project 
hero at Goor^vla Institute of Technology involving the transfer of scientific 
and tediulral information from its present repositories into learnlnR .'iystems 
for tli(? specific neods of tho oiluentor community (i.e., professors, t^^ichers, 
cunlrulun plumcrs, mnt I !.;} ui.inl Lst;;, ttc.) Wltlilu Llie K^^uie viJ objective 
of «*iih.iih*ni(> I he uj;e of scienci? informal ion iiystems by educators are the 
follow I on spiKilIlc and related y^als: 

!• To describe operationally the process of the transformation of 
scientific and ttjchnical Information system outputs for the 
purpose of inte>*rat inj; them into the content of science learning 
systems (i *e., conputer*-based as well as routine class-room type 
educational systemv*) 

2* To investigate to wliat extent and for what specific purposes 

educators are making use of infonnation available from scientific 
and technical information systems and what factors could enhance 
their utilisation of these systems. 

3# To investigate comparatively the design and operating 

characteristics of scientific and technical information systems 
and science learning systems, particularly from the viewpoint 
of requirements for transferring information between them via 
a man-machine interface. 
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Page 2 

March 25, 19 7A 



4. To Itnplemont an experimental design of a limited transfer 
mechanism from appropriate existing science information 
systems Into science learning systems and to evaluate the 
cost effectiveness of that mechanism. 

• # 

As we attempt to answer the question of the present usage of 
information centers by educators, it would be helpful to know if any such 
studies have been conducted in your center and. if so. «h"%«"f^;°^^f 
results of these studies can be obtained. We would be also interested to 
know whether you possess any kind of records which, when analyzed, would 
reveal information about the use of your center by educators, and. If so. 
whether you could makeVhose records available to us. 

If you wish additional information concerning our inquiry, please 
feel free to telephone me collect at (404) 894-4671. 

Thank you in advance for your cooperation. 



Sincerely yours. 



Pranas Zunde 
Professor. ICS 



PZ:jbo 



ERIC 



D. LIST OH CENTLKS RHCI-IVING 
UTILIZATION INQUIRY 



American Chemical Society 
University Post Office 
Columbus, Ohio 43210 

American Geological Institute 
2201 M. Street, North West 
Washington, D. C. 20037 

. American Institute of Aeronautics and Astronautics (AIAA) 
750 Third Avenue 
Ne»y York, New York 10017 

American Institute of Physics (AIP) 
335 East 45th Street 
New York, New York 10017 

American Library Association (ALA) 
50 Uast Huron Street 
Chicago, Illinois 60611 

American Mathematical Society (AMS) 
321 South Main St root 
P.O. Itox 0248 

Providence, Rhode Island 02904 

American Medical Association (AMA) 
535 North Dearborn Street 
Chicago, Illinois 60614 

American Pctroleuip Institute (API) 
1271 Avenue of the Americas 
New York, New York 10020 

American Society for Metals (A M) 
Metals Park, Ohio 44073 

-American Society ilospital Pharmaclrsts (ASHP) 
4630 Montgomery Avenue 
Washington, D. C. 20014 

Atomics International Liquid Metals Information Center (LMIC) 
P.O. Box 1449 

Canoga Park, California 91304 

Battelle Memoria? Institute - Columbus Laboratories (BMI) 
SOS King Avenue 
Columbus, Ohio 43201 



Becker and Hayes, Inc. (BfiH) 
6400 Goldshoro Road 
Yr^thcsda, Maryland 20034 
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Bel four Stulcw-, Inc., Mechanical Properties Data Center (MIMX!) 
13919 West Bay Shore Drive 
Traverse City, Michijian 49684 

Biosciences Information Service of Biological Abstracts (BIOSIS) 
2100 Arch Street 

Philadelphia, Pennsylvania 19103 

Brigham Young University 
574 JRCL 

Provo, Utah 84601 

Center for Applied Linguistics (CAL) 
1717 Massachusetts Avenue, North West 
Washington, p.C. 20036 

Chemical Horizons, Inc. 

274 Madison Avenue 

New York, New York 10016 

Chemical Systems, Inc., Computerized Structural Group Index of Commerical 

Organic Chemicals 

P.O. Box 5523, Southfield Station 

Shreveport, Louisiana 71105 

Climax Molylodeniiin Company 
Technical Information Center 
1270 Avenue of the Americas 
New Vork, New York 10U20 

* 

College of Physicians 
Medical Documentation Service (MDS) 
19 South 22nd Street. 
Philadelphia, Pennsylvania 19103 

Computing and Software, Inc., Derivation and Tabulation Associates, Inc. (D.A.T.A.) 
32 Lincoln Avenue 
Orange, New .Jersey 07050 

John Crerar Library 

National Translations Center (NTC) 

35 West 33rd Street 

Chicago, Illinois 60616 

Dittberner Associates 
Project Master 
4900 Auburn Avenue 
Bethesda, Maryland 20014 

Dow Chemical Company 

Joint Army- Navy-Air Force Tliermochcmical Tables (JANAP) 
Thermal Research Laboratory, 1707 Building 
Midland, Michigan 48640 

Exccrpta Mcdica Information Systems, Inc. 
228 Alexander Street 
Princeton, New Jersey 08540 
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rranklin Institute Uoscarch Laboratories, Science Information Services 
Department (SIS) 

20th an<l Benjamin Franklin Parkway 
Philadelphia, Pennsylvania 19103 

General Telephone and Ulectronics Laboratories 
Technical Information Projiram 
208-20 Willets Point Boulevard 
Baysidc, New York 11360 

George Washington University Department of Medical 5 Public Affairs (BSCP) 
2001 South Street North West 
Washington, D.C. 20009 

Honeywell Information Systems, Inc. (HISI) 
2701 Fourth Avenue South 
Minneapolis, Minnesota 55408 

Illinois Institute of Technology (LLT) 

I IT Research Institute (IITRI) i 
Binary Metal and Metalloid Constitution Data Center 
10 West 35th Street 
Chicago, Illinois 60616 

Institute for Scientific Information (ISI) 

325 Che?. t nut Street 

Phi Indolphia, I'ennsyl vania 19106 

Institute of nicctiicril and l-leotronics linj'.inccrs (ll-iai) 
Infornuitloii Services Department 
341. Htist 47th Street 
New York, New York 10017 

Institute of Paper Chemistry 

Division of Industrial and I nvi ronmcntal Systems (II-S) 
104?i Hast South River Street 
Applet on, Wisconsin 541)11 

Institute of Textile Technology Textile Information Center 
Route 250 West 

Charlottesville, Virginia 22902 

Interdok Corporation 
173 Halstead Avenue 
Harrison, New York 10528 

Iowa State University 
Institute for Atomic Research 
Rare-Earth Information Center (RIC) 
Ames, Iowa 50010 

Lockheed Aircraft Corporation, Lockheed-Georgia Company, Scientific S Technical 
Information Department (SCI-TECH) 
South Cobb Drive 
Marietta, Georgia 50060 
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North Carolina Roanl of Scit^nco and Technology 
Science {J Tcchnoloi'.y Ucsoarch Center (STRC) 
r.O, liox 12254 

Research Triangle Park, North Carolina 27709 

Ocean Engineering Information Service 
P.O. Box 989 

LaJolla, California 92037 

Ohio State University Libraries 
Mechanized Information Center (MIC) 
1858 Neil Avenue 
Columbus, Ohio 43210 

Oklahoma State Department of Libraries MARC Services 

109 State Capitol 

Oklahoma City, Oklahoma 73105 

Purdue University 

Therraophyslcal Properties Research Center (TPRC) 

2595 Yeagcr Road 

West Lafayette, Indiana 47906 

U.S. Air Force 

Air Force Materials Laboratory (AFML) 
Aerospace Materials Information Center (AMIC) 
Krij'.ht- Patterson Air Force Uasc, Ohio 45433 

U.Ii. AU»»«ic Fueigy Coiumission 
Amea Lahorat«)ry 

Amtrs ricU-otivc Dissemination of Information Computer System 
Iowa State University 

Ames, Iowa 50010 N 
U.S. Atomic r.ncrgy Commission 

l)ivt*;ion of Teclniical Information lixtcnsion (DTIF.) 
Uestriplor Indexing and Retrieval 
P.O. Hex (.2 

Oak lUdge, Tennessee 37830 

U.S. Atomic Energy Commission 
Oak Ridge National Laboratory (ORNL) 
Computing Technology Center (CTC) 
P.O. Box P 

Oak Ridge, Tennessee 37830 

U.S. Atomic Energy Commission 
Oak Ridge National Laboratory (ORNL) 
Isotopes Information Center (IIC) 
P.O. Box X 

Oak Ridge Tennessee 37830 

U.S. Bureau of Mines 

Albany Metallurgy Research Center 

Thermodynamics Laboratory 

Contributions to the Data on Theoretical Metallurgy 
P.O. Box 70 
ErJc*"^' Oregon 97321 
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U.S. Bureau of Mines 

Division of Field Operations 1 
Alaska Ticld Operation Center 
P.O. Box 550 
Jiineuii, Alaska 9U801 

U.S. Department of Agriculture 
National Agricultural Library (NAL) 
U.S. Koutc 1 
Beltsville, Maryland 20705 

U.S. Enviromcntal Protection Ap.ency 
Air Pollution Control Office (Apco) 

Office of Technical Information and Publications (OTIP) 
Air Pollution Technical Information Center (APTIC) 
P.O. Box 12055 

Research Triangle Park, North Carolina 27709 

U.S. National Aeronautics and Space Administration 
National Space Science Data Center (NSSOC) 
Code 601 

Greenbelt, Maryland 20771 

U.S. National Bureau of Standards 
Cryogenic Data Center 
Boulder, Color«ido 80302 

U.S. National Burcjiu of St.mdards 
Ofric*? of lliif. incur ing Stamlauls Services 
I n { o rma t luu Auction 
Room It 147, Technology Building 
Quince Orchard Roud and Koutc 7US 
Gaithcjrsburg, Maryland 20760 

U.S. National Library of Medicine 
ft()00 Rockvillc Pike 
Bcthesda, Maryland 20014 

U.S. National Library of Medicine 

Mcdic.ll Literature Analysis and Retrieval System (MHDLAItS) 
8600 Rockville Pike 
Bcthesda, Maryland 20014 

U.S. National Oceanic and Atmospheric Administration 
National Ocean Survey 
Lake Survey Center 

Great Lakes Physical Information Analysis Center (GLPIAC) 
635 Federal Building and U.S. Courthouse 
Detroit, Michigan 48226 

U.S. National Oceanic and Atmospheric Administration 
Scientific Information and Documentation Division (SIDD) 
Rockvillc, Maryland 20852 
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U, S, National Sc I euco I'ouiulat ion 

Office of Science Inrorinntion Service (OSIS) 

1800 G Street, North V.cst 

Washington, D.C. 205SO 

U.S. Office of nducation 

FRIC Clearinghouse on licUicational Media and Technology 
Cypress Hal I -Stanford University 
Stanford, California 94506 

U.S. Office of Fducation 

KRIC Clearinghouse for Linguistics (CAL/ERIC) 
1717 Massachusetts Avenue, North West 
Washington, D.C. 20036 

U.S. Office of nducation 

ERIC Clearinghouse for Science and Mathematics nducation (HRIC/SMAC) 
diio State University 
1460 West Lane Avenue 
Columbus,. Ohio 43221 

U.S. Public Health Service 

Bureau of Radiological Health (BRH) 

Office of Information \ 
12720 Twinbrook Parkway 
Rockville, Maryland 208S2 

U. S. Public Health ficrvlce 
Mritlonal In.sl ituLtifj of Health 
Natluuul Cancer lur.lltute 
Veterinary Medical aita Program (VHUP) 
AlO Wificon Building 
Betlic&da, HarylanU 20014 

U.S. SKiitlmonlan Institution 
Science TnCorraaLJon Exchange (SIE) 
1730 H Street, North West, Room 300 
Washington, I). C. 20036 

University Microfilms 

300 North Zccb Road 

Ann Arbor, Michigan 48106 

University of Arkansas Medical Center 
Department of Radiology 

Diagnostic Radiology Information System (DRIS) 

A301 MarUham Street 

Little Rock, Arkansas 72201 

University of California 

Lavnrencc Radiation Laboratory (LRL) 

Thermodynamic Properties of Metals and Alloys 

Hearst Illning Building 

University of Calif oriiia, Berkeley 

Berkeley, California 94720 
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